


4 


Lay 





NOVEMBER 


Y 


1 Gas 


om 





progress In Neomic ower 


Ihe following paragraphs are excerpts from testimony) 
ented earlier this year by Gy n A. Price, President of the 
Westinghouse Electric Corporation, and Charles H. Weaver 
Manager of the Atomic Power Division, before the Joint Com 
mittee on Atomic Energy, Congress of the United States 


Before the outbreak of World War II, some of the or ginal 
basic nuclear-fission research, upon which the Government later 
drew, was accomplished by Westinghouse at company expens¢ 
We built one of the first particle accelerators. Thereafter, we 
performed work for the Manhattan Engineer District. From the 
early days we have felt strongly that atomic energy would be 
come, in time, a great source of power; and the modern world 
has an almost insatiable power hunger. 

‘It was natural for us, therefore, to be interested i po 
bilities of manufacturing and selling the equipment that would 
harness this new resource to power production—whether our 
customers might wish the power to turn a ship’s propeller or 
to drive a dynamo making electricity. When, in late 1948, the 
Atomic Energy Commission asked us to build a power-plant 
prototype for the first atomic submarine, such a task seemed 
a local extension of our prime activities in the past; ar 
accepted the responsibility 


There is indeed one over-riding practical problem which 
we should like to emphasize —the sheer, stubborn, time-consum 
ing difficulty of designing and engineering in detail and putting 
together any reactor that will do what one wants 

‘Where the scientist leaves off and the engineer takes up, and 


ly where their work overlaps, is the point at which prob 


espec ial 
lems become intense. Except for the genius of the scientist, there 
would, of course, be no such thing as a reactor. But this very 
fact has tended to divert from the painful, creative role of the 
engineer who must, in one sense, bring a scientist’s dream dow 
to earth and make it into a real structure of fuel element 
control mechanisms, moderator, shielding, pipes, pumps, pr 
sure vessel, heat exchangers, and all the specially adapted gear 
that comprise an atomic power plant. Building such a plant 
paper is one thing. Building it in fact is a very different matter 
As the only company that has actually built a large atomic 
power plant designed to produce substantial quantities of useful 
power, we must state that developing and constructing a still 
larger and longer-lived advance-design reactor would remain a 
most arduous task, even given the type of complex facilities and 
going organization which have been built up. 


“From the beginning, our atomic assignment has had first 
call upon all company personnel, and its problems have regularly 
received priority attention from top management. Considering 
the task force of experts trained over the years that we could 
and did assemble from Westinghouse ranks, I think it fair to say 
that if any company had credentials to do this job cheaply and 
effectively for the Government, it was our own. 

“Yet we went through a series of reactor fuel-element troubles 
We were forced to learn how to manufacture unprecedented 
quantities of the metal zirconium, and in unprecedented purity, 
because the unforeseen requirements of our reactor gave us no 
choice. We were forced to develop an entirely new type of pump, 
because leakage of radioactive liquids into the hull of a sub 
marine would be intolerable and because only a radical pump 
development could meet necessary standards. We encountered 
other road-blocks and detours, and we suspect these are inherent 
in the still primitive reactor art 

Our experience makes us sharply aware of the mass of 


still firmly optimistic. The constructive atomic 
hat everyone wants can indeed be realized—and 


realized fastest in full knowledge that success is far 


1 an evaluation, Westinghouse recently reached 

ich, so far as we know, commits more private money 

to the future of atomic power than any other company has yet 
determined to risk. I speak of the new Westinghouse Atomic 
Equipment Department. We founded this department on our 
own initiative and at our own expense to supply specialized 
equipment for use in conjunction with atomic reactors. The de 


partment’s work at the start will be almost entirely nonsecret 


We have been working for a year or more upon a power 
plant having implications not only for the propulsion of large 
naval vessels but also for the generation of central-station elec- 
trical power. The submarine power plant we now have behind us 
represents a striking advance in undersea propulsion and meets 
the unprecedented requirements which the Navy laid down. But 
it has two important limitations from the viewpoint of uses 
other thar a submarine. First, it simply does not put out the 
power needed to propel a big ship moving on the surface. Second, 

does not give the long life—or the power—essential for 

central-station generation of electricity. 
“The problem we have been studying, then, is how to take 
a second step forward into power uses—a step just as big or 
bigger than the step already taken through the submarine plant 
Once again, we think, actual construction of a prototype 
be the comparatively easy part. The hard part would be 

ind development 

you see, despite my basic optimism, I have returned to 
the theme that building a reactor is no picnic. It seems to us 
that hammering this theme is the most useful task I can strive 
to perform here today. However, if there is a customer—either 
the Government or private utilities or a combination of both 
we can go ahead and build a central-station atomic-power plant 
able to produce tens of thousands of kilowatts. We do not know, 

1d no one knows, whether the first plant would produce competi 

vith ordinary plants. Much would depend upon conven 

tional power costs where the atomic plant was located. Much 
would also depend upon the kind of bookkeeping to be used 

rates of amortization and the like. This we do know: Much could 
be learned from the first plant that would fertilize progress. . 

We are now increasingly impressed by the need of mo 
bilizing more minds and more resources for a broader attack upon 
atomic power problems. We estimate that qualified technical 
people working upon these problems, outside Atomic Energy 
Commission laboratories, are currently numbered only in three 
figures. Napoleon is once supposed to have said that when he 
had a hard job to do, he put so many men on it that the job 
disappeared. The time may be ripening when a similar tactic in 
the atomic power field could produce major technical break 
through 


Che overall industry of the United States is basically the 
creation of private initiative. In the factories and production 
lines that give our country world leadership is evidence of what 
free enterprise can accomplish. But under the present atomic 
energy law, enterprise is not free. We suggest it is almost aca 
demic to speculate on what enterprise might undertake if some 
of the curbs were lifted. So long as these remain, enterprise 
is severely handicapped even in thinking and planning. Relax 
the curbs and, judging by past experience, our economic system 
will find its own ways of helping to bring the promise of atomic 
energy to fruition.” 
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The Cover Phe precise rows OF Ta liator 
fins and the graceful curve of the fan 
blades are familiar trademarks of the 
large power transformer. It is this com 
bination that artist Dick Marsh portravs 
on this month’s cover. 


The Nove mbet ISsuc¢ as originally 
planned was to feature nuclear powel 
because of certain security regulations 
this issue has been postponed If condi 
tions permit, the material will be pub 
lished at a later date. 


Four electric stairways will provide 


transportation from the 40th floor to the 
observation deck of a new skys« raper now 
under construction for the Prudential In 
surance Company of America in Chicago 
It is the first skyscraper in the world to 
have electric stairways serving its top 
floors. Among the advantages is the elim 
nation of the need for an elevator per t- 
house on the roof 
f Other electric stairwavs to be used 
the new building include six that will 
serve from the first to the fourth floor, 
one from the Illinois Central Railroad 
Company platform to the ground floor, 
and one from the ground floor to the lobby 
or first floor 


hese will be 32-inch electric stairways 
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_ ALLY, a Synchrotie system consists of two or more 
wound-rotor induction motors that have similar rotor 
If the stator (primary) windings of the 
excited from a common source, and the rotor 
secondary) windings are connected together, the motors 
maintain a synchronized speed relation within certain limits. 


om If the rotor of one is turned, the other automatically follows 
more than a few feet, become extremely cumbersome. The f 


One or more parts of a machine or system of machines 
that must run in unison or in a fixed relation to each 


. cnarac *TISLICS 
other can be physically connected together. Or they can paniaandetan 


be connected electrically, using Synchroties. Thus, small pen See 
electrical conductors take the place of shafts, belts, 
or gears which, particularly when the distances are 
Speed matching of individually driven machine sections 
Synchrotie system has a long history of varied and suc- and remote position control or indication (or both) are the 
cessful application. The principles are here restated. 


Industry I: n 


two main applications of Synchrotie systems. 
Speed-matching Synchroties are used 
on coater drives for paper machines, 
vertical-lift bridge drives, and textile 
range drives in finishing and bleaching 
plants. Most typical of position match- 
ing applications is the use of Synchroties 








for remote operation of valves. But the 


een number of different applications possible 
AMPI 

Department 
( or por 11109 


Pens 


is almost limitless 
weer 
_ ' 
A close analogy exists between an elec- 


lineshaft or 
that 
the driven sections of a machine. Both a 


trical Synchrotie and a 


intd 


mechanical transmission connects 


ive or 3 S ie tra itte : ' : : 
Drive motor and Synchrotie transmitter Synchrotie and a lineshaft will transmit 
are duplicates in this vertical-lift gate ap- : Und i 
° ° ee ake ° ° a iz > rer » oO = 
plication on Mississippi River Lock 27. torque or power. nder running cond! 


tions in both cases, the receiving end of 


the transmission will make exactly as 





many revolutions as the delivery end. In 
the mechanical transmission, the shaft 
will twist under application of torque so 
than an angular difference between the 
ends of the shaft will result. In the Syn- 
chrotie also, application of torque causes 
an angular difference between the rotors 
of the 

In the case of the shaft transmis- 
sion, the amount of angular twist de- 


transmitting and receiving mo- 
tors 


pends upon the torque transmitted, the 
shaft diameter, and the shaft length. In 
a Synchrotie drive, the angular dif- 
ference between the rotors is a function 
of the size of the motors and the torque 
transmitted to the receiving end. 

In general, where power is transmitted 
by any combination of shafts, gears, or 
other mechanical units, the same results 
can be accomplished by a properly de- 
signed Synchrotie. The more complicated 





_ ew > = for | Speeds aad Rendition With or Asgainst the Field 


r fie 


to the line. The component of the rotor cur 
rent that is in phase with the receiver rotor 
voltage is larger than the component that is 


voltage and 


of the 
resents 


wl heed in receiver rotor 


ek 
field, Fi ». This is 


yus to induction motors operating at 


same current rep 
to the 


secondary of 


runnin 


rotatin a motoring output analogous 


power that is dissipated in the 


wound-rotor in phase with the transmitter rotor voltage 
Thus, when running with the field, the maxi- 
mum receiver torque for any given displace 


ment angle is greater than the maximum 


an ordinary 


reduced 


motor operating at 
power is fed into the 
Thus the 


below synchronous 


lip below synchronous speed. Because 


the slip is high, the frequency in the rotor speed. This 


and the 
rcuit is high with respect to the resistance 


rotor of the transmitter when 


Synchrotie is 


circuit is high reactance of the rotor 


‘ running 


Thus the rotor circulating current lags be transmitter torque. 


hind the resultant voltage and is quite large 
\ large component of the circulating current 

with the 
Synchrotie is running below syn 


in phase receiver rotor voltage 


Since the 


chronous speed with the field, the product 





speed in the direction of the rotating stator 


acts like a motor 


line, 


field, the 
it takes power from the 


receiver 
while the trans 
CCAUSE 


mitter acts like a generator 


mechanical power from its shaft and electri 


cal power from its rotor and returns power 


because 


it takes 


2—Synchrotie running at close to synchronous 


speed in same direction as rotating field, Fig. 3. 
rhis is analogous to induction motors oper 
ating at low slip below synchronous speed. 
Since the slip is low, the frequency in the 
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Fig. 1 


























Synchrotie unit, called the transmitter, is rotated by an ex- 
ternal means through a small angle, the rotor-induced volt- 
ages are no longer equal and opposite. A resultant rotor cur 
rent flows to develop a torque or turning moment in an effort 


to balance the rotor voltages and bring the rotor current back 


to zero. If the transmitter is rotated continuously by an ex 
ternal means, the receiver rotor follows at the same speed 
If load is applied gradually to the receiver, the phase dis 
* 


and no turning moment is developed by either unit. When one 
































" placement or angle between the two rotors increases with 
Main Drive increase in load until the maximum synchronizing torque is 
reached. Any further increase of receiver load pulls the rotors 
i” out of step. When this happens the Synchrotie units begin 
Receiver ’ . . . 
/ Tonsotiies Rovor ater to operate independently as ordinary induction motors, each 
having its rotor short-circuited through the other. 
With both transmitter and receiver units energized from 
the same polyphase source, and if the transmitter is driven 
Fig. 1—Two or more wound-rotor motors, excited by external means in the direction it would normally run as 
from a common source and with rotors tied togeth- an induction motor, the Synchrotie system is said to operate 
er electrically, make the basic Synchrotie system. with the field. If the transmitter is driven in the opposite 
direction, the Syn hrotie is said to operate against | he field 
For each of these conditions the receivers rotate in the same 
the mechanical drive, the more pronounced will be the ad- relation to the electrical rotation of their stator fields as the 
vantages of the electrical system. The few copper wires that transmitters, the relationship being referred to their normal 
replace heavy shafting and complicated mechanical parts can direction of rotation as induction motors 
turn corners, traverse any angle, or travel hundreds of feet. When the Synchrotie is operated in the same direction as 
The machines that Synchroties connect will maintain an ex- the rotating magnetic field, the rotor of the receiver unit is 
actly synchronized relationship at zero speed and at every retarded with respect to its electrically neutral or in-phase 
running speed up to the rated maximum value; however, some position. When the Synchrotie is operated in a direction 
angular displacement may exist between the rotors due to igainst the rotating magnetic field, the receiver rotor is 
friction and load torque. displaced ahead of its in-phase position 
Many of the problems involved in the application of 
Synchrotie drives are similar to those encountered in the 
application of ordinary induction motors, such as starting, 
accelerating, and maximum torques and operating speeds, 
‘ e_—Receiver Induced. Rotor Voltage 
speed ranges, load torques over the speed range, and motor a e' Transmitter Induced Rotor Voltage 
T on we. Pile > : # e —Resultant Voltage 
} temperatures. There are, however, additional factors peculiar { —Rotor Circulating Current 
to the Synchrotie system, which must be carefully considered : ey event yee Ciniihieed 
j when making an applic ation. i” Power Component of I (Transmitter) 
Theory of Operation Fig. 2 pe > 
‘ lor simplicity, consider a Synchrotie consisting of just two H i 
, wound-rotor motors, Fig. 1. When properly connected, and 
with no external torque applied, the rotors of both Synchrotie : 
} units remain stationary when line voltage is applied to their 
stators. When no electrical angle (phase displacement) exists 
/ between the Synchrotie rotors, the rotor-induced voltages are Rotation with Field, Low Speed 
' equal and opposed. Consequently, the rotor current is zero ; i fe 
Fig. 3 e, 
: e 
a 
f rotor circuit is low. Consequently, the rotor 3—Synchrotie running at lo peed against 
: reactance is low, and the angle @ is much direction of rotating field, Fig. 4. This is 1 
smaller than for operation at high slip. The analogous to operating at a slip greater than 
components of the rotor current that are in one. In this case, a component of the rotor 
phase with the receiver rotor voltage are current is in phase with the transmitter rotor 
smaller. Thus, the maximum receiver and voltage, which means the transmitter is tak 
transmitter torques decrease when the Syn ing power from the line. Since receiver cur 
chrotie speed approaches synchronous speed rent is 180 degrees from receiver rotor volt 
and rotation is with the field. However, as age, the receiver is returning power to the ts 
shown by the relative magnitudes of the line. The product of transmitter voltage and of 
rotor-current components, the maximum re current exceeds that of receiver voltage and 
| ceiver torque is still greater than the maxi current. Thus, maximum transmitter torque Rotation aceinet Field, Low Speed 
' mum transmitter torque. exceeds that of the receiver. 
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Fig. 5—Torque-speed characteristics of all two-unit Synchro- 
ties are similar, except that percent values of maximum torques 
over the speed range vary according to the rating. Concepts 
of motor and generator torques refer to power flow from stator 
to rotor in first case, from rotor to stator in second case. 








When operating in synchronism, one of the Synchrotie 
units acts like a motor taking power trom the line, while the 
other acts like an induction generator returning power to the 
line. Depending on whether the rotation is with or against the 
field, either unit can act aS a motor or as a generator 

If the Syn 
rotating field, the receiver acts like a motor because it takes 


chrotie is running in the same direction as the 


power from the line, Fig. 2. Meanwhile, the transmitter acts 
like a generator because it takes mechanical power from its 
shaft and electrical power from its rotor and returns power to 
the line. Under these conditions, the maximum receiver 
torque for any given displacement angle is greater than the 
maximum transmitter torque, Fig. 5. This is essentially the 


same when the Synchrotie is running close to synchronous 


speed in the same direction as the rotating field, Fig. 3. In 


contrast, when the Synchrotie is running in a direction Oppo 
site to the rotating field, Fig. 4, the maximum transmitter 
torque is greater than the maximum receiver torque 

Phe concepts of motor and generator torques can be visu 
alized by remembering that motor torque refers to power 
flow from stator to rotor while generator torque reiers to 
power tlow from rotor to stator 

The term maximum torques refers to the maximum me 
mentary torques that can be utilized to hold the Synchrotie 
In step at the indicated speed The lower curve in Fig. 5 
shows the maximum conlinuous torque obtainable at the 
receiver outpul shaft with safe receiver temperature rise 
For example, when operating with the field at 50-percent 
speed, the Svynchrotie will stay in step if 300 percent rated 
torque Is required by the receiver load. However, for this 
particular design, the maximum continuous receiver torque 
at 50-percent speed is approximately 85 percent of rated 
torque tor the machine 

Another important consideration in applying Synchroties 
is the limiting speed when operating with the field. Beyond 
approximately two-thirds of synchronous speed the maximum 


receiver and transmitter torques drop off rapidly to zero 
For that reason, Synchroties should not be operated at mor 
than 66 percent of synchronous speed in the direction of 

field. Operation up to and beyond synchronous speed shoul 


be against the field 


180 


Fig. 6(a) and (b) —The percentages of torque for a 
typical two-unit Synchrotie do not apply to all Syn- 
chroties. However, the general shape of torque-dis- 
placement curves is the same regardless of rating. 
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[ypes of Primary Circuits 
In addition to Synchroties that have their stators con- 
nected to a three-phase supply, there are a number of single 
phase stator connections that can be used, each having its 
own advantages and disadvantages. The circuit connections 
that give curve A in Fig. 7 might be used where high peak 
torques are encountered and where the receiver displacement 
angle 1s not critical for normal continuous running torques. 
Circuit connections that give curve B might be used where 
¢ rvice is required. In this case, the torque-dis 
nt characteristic is the same for operation with or 


he field, so it can be used in an indicating system. 


Starting Methods 
Synchrotie units must be synchronized or connected to the 
line while both units are at standstill. And even with the 
Synchrotie units at standstill, the application of three-phase 
power sometimes causes loss of synchronism and results 
ration of one or both units to full speed as ordinary 
motors. The torque tending to turn the receiver in 
direction of normal rotation as an induction motor is 
han the torque tending to make it operate in 
the reverse direction (curve C, Fig. 7). The area under curve 
is proportional to the energy given to the load. If the ratio 
of inertia to friction load is high, and if the angular displace- 
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Fig. 7—Single-phase connections of stators offer advan- 
tages over three-phase for certain applications, such as 
indicating systems or systems requiring frequent reversals. 








ment is large in the positive direction when power is applied, 
the receiver may accelerate toward synchronous speed and 
fail to pull into step. 


Selection of Operating Speeds and Direction of Rotation 


When the mechanical rotation is in the direction of the 
field rotation, the torque that can be exerted by the receiver 
is greatest. However, this receiver torque is available only 
under steady load and speed conditions. A sudden drop in 
speed of the prime mover and transmitter may cause the 
receiver to become the transmitter momentarily until the 
stored energy of the load has been equalized, but the equaliz- 
ing torque that can be transmitted back to the prime mover is 
quite limited. 

When mechanical rotation of transmitter and receiver is 
opposite to the field rotation, the receiver torque is reduced 
but does not fall off with increased speed. Also, there is no 
loss of synchronizing power when the torque is suddenly re 
versed without reversal of rotation. For this reason, where the 
three-phase Synchrotie is operated in one direction and where 
either the prime mover or receiver loads are fluctuating, the 
direction of Synchrotie rotation should be against the field 

When the system operates in either direction (with or 
against field) and is subject to overhauling loads, which cause 
a transfer of position of the receiver and transmitter, the 
Synchrotie units must be utilized within the torque capacity 
specified for the worst conditions. Thus, where reversing 
operation is required, the inertia of the receiver and load and 
the rate of acceleration and deceleration must be studied 
carefully to determine the torque requirements. In some cases 
the primary leads can be reversed when mechanical rotation 
is reversed. This reverses the direction of field rotation, makes 
the maximum synchronizing torque available in either dire¢ 
tion, and permits the use of smaller frame sizes for the Syn 
chroties. An example of this type of application is in syn 
chronized hoisting when the hoisting power is applied at 
more than one point. 

When a Synchrotie that is operating against the field pulls 
out of step, the receiver comes to a stop and, if load conditions 
permit, goes to full speed in the opposite direction as an 
ordinary induction motor. In some cases a control scheme 
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can be used to shut down the drive when the Synchrotie pulls 
out of step and the receiver attempts to run in the opposite 
direction of rotation 


Effects of Number of Poles 


_ When Synchroties are phased out, both receiver and trans 
mitter induced rotor poles are in the same relative position 
with respect to their stator poles. However, in terms of 
relative physical position, the receiver rotor can be phased 
out in as many mechanical positions as there are pairs of 
poles on the receiver stator. Thus, a four-pole receiver can be 
phased out in either of two mechanical positions. Similarly, 
a SIX pole receiver can be phase d out in any of three mechani 
cal positions. This characteristic must be considered if the 
receiver rotor must remain in the same mechanical position 
with respect to the transmitter rotor, for example, in an 
indicating system. This requirement can be met by keeping 
the Synchrotie stators excited when the drive is at standstill 
However, if there is an appreciable displacement angle at 
standstill, the Synchroties may overheat when the stators are 
kept on the line for long periods of time, unless forced venti 


lation is used. When overheating is a possibility, Thermo 
guards or timing devices should be used to disconnect the 
units from the line. 

The transmitter and receiver need not have the same num 
ber of poles for proper operation. For example, a four-pole 
receiver can be operated from a six-pole transmitter, or a 
six-pole receiver from a four-pole transmitter. In these cases, 
the operating speed of the receiver is the same percent of its 
syne hronous speed as the percent syne hronous speed of the 
transmitter. Thus a four-pole receiver operates at 1200 rpm 
when connected to a six-pole transmitter that Is operated at 
800 rpm. This type of Synchrotie usually requires special 
design because of the necessity of matching electrical chara¢ 
teristics on two different frame sizes. In most cases, it is 
more economical to use units with the same number of poles 
and apply suitable gearing to either the transmitter or re 
ceiver to obtain the desired speed on the receiver load. An 
added advantage is the fact that duplicate electrical and 


mechanical designs can be used for the Svnchrotie units 


Stability of the Synchrotie 


When the prime mover subject to sudden changes in 
speed, or when the receiver load is fluctuating, the Synchrotie 
may hunt and occasionally lose nchronism. A convenient 


means of reducing this hunting to add resistance in series 
with the Synchrotie rotors, but this reduces the amount of 
synchronizing torque available between the two units. An 


other means involves use of V-belts between the receiver and 


its load to provide a damping effect between the load flue 
tuations and the receiver ft 

In cases where the receiver runs at times with light load 
and little inertia, a flywheel on the receiver will keep the 


system in synchronism 


Adjustable Speed between Receiver and Transmitter 


Ina simple Synchrot e, the only way to change receiver 
speed is to change transmitter speed. However, use of a 
frequency changer (sometime illed a phase advancer or 
electrical differential) ‘ive adjustable peed of the 
receiver itself, in effect, a géar change that infinitely ad 
justable. In this case the frequency changer is inserted in the 
rotor circuits of the Synchrotie, Fig. 8. To illustrate, assume 


for simplicity, that the three units—transmitter, receiver, 


and frequent y changer—are of four-pole design. If the trans 


18] 















Fig. 8—A frequency changer connected electrically to 
the rotor circuit provides the most suitable method of ob- 
taining adjustable-speed operation of the receiver unit. 


Fig. 9—Adjustable synchronized speeds from standstill 
to operating speed are possible with a common adjustable 
secondary resistance. This is called a semi-Synchrotie. 
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mitter is driven at 1200 rpm with 60-cycle voltage on the 
stator, the frequency of the transmitter-rotor induced volt- 
age is 20 cycles. If the frequency changer is at standstill, this 
20-cycle voltage is induced in the frequency-changer rotor 
and appears on the rotor of the Synchrotie receiver. Thus, 
the receiver has a 60-cycle stator frequency and a 20-cycle 
rotor frequency, which cause it to operate at 33-percent slip 
or 1200 rpm. So when the frequency changer is at standstill, 
the receiver operates at the same speed as the transmitter. 

In contrast, if the rotor of the frequency changer is driven 
at a speed of 50 rpm, and the 20-cycle voltage from the trans- 
mitter rotor is impressed on the frequency-changer stator, the 
frequency-changer slip is 92 percent because its synchronous 
speed at 20 cycles is 600 rpm. The frequency of the induced 
voltage in the frequency-changer rotor is 20 times 0.92 or 
approximately 18.3 cycles. The Synchrotie receiver now has 
a 60-cycle stator frequency and an 18.3-cycle rotor frequency. 
This corresponds to a slip of 30.5 percent for the receiver. 
Phe receiver now operates at a speed of 1800 times 0.695 or 
1250 rpm. When the Synchrotie units and the frequency 
changer all have the same number of poles, the speed of the 
receiver is the sum of the speeds of the rotors of the trans- 
mitter and frequency changer. This is true when the rotors of 
the receiver and frequency changer are rotating in the same 
direction as their stator fields. If either rotor were to rotate 
against its stator field, the Synchrotie receiver speed would 
be the difference between the transmitter speed and the 
lrequency-« hanger speed, 

\ typical application of a frequency changer is found on 
a paper-coating machine. Here the Synchrotie is used to 
match the speed of the coater section to the drying roll. Use 
of the frequency changer makes possible draw-speed dif- 
ference adjustment as well as a speed adjustment to match 
roll-diameter variations due to repeated grinding. 

Several methods of obtaining speed adjustment with a 
frequency changer are possible. Typical is the use of a small 
d-c motor, Fig. 8(b). Changing of its speed from 300 to 1800 
rpm with a field rheostat changes the receiver speed from 
1250 rpm to 1500 rpm. Using a speed reducer between the 
frequency changer and the d-c motor gives what might be 
termed a “‘mechanical amplification” between the d-c motor 
and the frequency changer. For example, with a 6 to 1 gear 
ratio, a speed change of three rpm in the d-c motor due to a 
load swing will give a one-half rpm change in the Synchrotie 
receiver speed. 

Another method involves the use of a mechanical speed 
adjuster, Fig. 8(c). In this case the frequency-changer speed 
reducer is driven by a constant-speed Synchrotie receiver 
through the mechanical speed adjuster. This scheme is used 
when very accurate speed matching must be maintained in 
the drive from standstill to top speed, regardless of the setting 
of the receiver speed-adjusting dial. 


Semi-Synchroties 

[wo wound-rotor motors that have their secondaries con- 
nected to a common secondary resistance will, within limits, 
maintain a synchronized speed relationship. This type of 
circuit arrangement is called a semi-Synchrotie, Fig. 9, and 
is used when the receiver and transmitter units must also 
serve as the drive motors. Typical examples are the drives for 
large cranes and vertical-lift bridges. 

lhe semi-Synchrotie provides adjustable as well as syn- 
chronized speeds from standstill up to the desired operating 
speed by adjusting the common secondary resistance. The 
effect of the secondary resistance with regard to speed control 
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is similar to that obtained with external resistance in the ex- 
ternal rotor circuit of a single wound-rotor motor. However, 
since operation is with the field, the available synchronizing 
torque reduces sharply as the operating speed approaches 
approximately two-thirds of synchronous speed. Also, for 
fluctuating loads on either unit, the available synchronizing 
torque is limited in the same manner as discussed previously 
for Synchroties that operate with the field. 

When a semi-Synchrotie must be operated up to the norma! 
induction-motor speed, an auxiliary Synchrotie can be added 
to the system to provide the necessary synchronizing torque 
at the higher speeds, Fig. 10. The auxiliary Synchroties must 
be connected for operation against the field. 

When a drive requires adjustable as well as synchronized 
operation over the wide speed range, it is usually more eco- 
nomical to apply a d-c motor to one of the machine sections 
and use the d-c motor as a prime mover for a straight Syn- 
chrotie drive for the other machine sections. 


A-C Requirements of Synchroties 
The question of what is required of the a-c supply for Syn- 
chroties often must be considered. This problem arises when 
it is necessary to have an auxiliary power supply for the Syn- 
chroties only. 
At first 
that the a-c supply need only 
have capacity for the stator ex . 


glance, it appears 


citation losses. This is true only : 
during steady-state conditions 
and for relatively small displace- 
ment angles. As the displace 
ment angle increases, the exci 
tation and I°R losses increase, 
Fig. 11. Since the purpose of a 
Synchrotie is to maintain a speed 
match by providing synchroniz 
ing torques, the a-c supply must <a At re 
have sufficient capacity to pro 190 100 -” ase 
vide the large stator currents 
that are required during syn 


chronizing action. 


Ratings and Frame Sizes 


Since Synchrotiesusually oper 
ate over a speed range, they 
are rated on a torque basis rather than horsepower, as is the 
case with an induction motor that runs at constant speed. 

Although varying with individual designs and ratings, most 
Synchrotie units transmit continuously the normal rated 
motor torque at speeds as low as 50 to 75 percent of synchro 
nous without reaching unsafe temperatures. When the Syn- 
chrotie operates continuously at reduced speeds, rotor iron 
losses increase because of the high induced frequencies. Simi- 
larly, operation against the field induces high frequencies, 
which result in greater heating. 

Peak-load and accelerating torques also must be considered. 
lor example, the rating of a receiver that is to drive a high- 
inertia load may depend almost entirely on the required ac- 
celerating torque and the peak torques encountered during 
momentary speed changes imposed by the main drive. 

If dynamic braking and quick stopping are used on the 
transmitter prime mover, this should also be considered, 
because during rapid decelerations, the receiver may act as a 
transmitter, and the torque then available (rotation with 
field) for synchronizing is much less than for acceleration. 
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Fig. 10—An auxiliary 
Synchrotie must be 
added to a semi-Syn- 
chrotie if synchroniz- 
ing torques at high 
speeds are desired. 


Fig. 11—Although net 
power required from 
the a-c source is low 
during a steady-state 
condition and for 
small displacement 
angles, the source must 
have enough capaci- 
ty to supply the large 
stator currents dur- 
ing synchronizing. 


Fig. 12—To hold sec- 
tions of a paper coater 
machine together, sev- 
eral receivers are op- 
erated from one Syn- 
chrotie transmitter. 
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View downstream of main lock during first lockage. 


A UNIQUE electrical control system that makes possible 
A fingertip operation of an entire river lock was recently 
put into operation when the U.S. Corps of Engineers opened 
Lock 27 to navigation. Located just above St. Louis on the 
Mississippi, the set of locks is the largest on the river. Its main 
lock is 1200 feet long, 110 feet wide, and has 92-foot walls 
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Raising and lowering a massive 110- 
foot-wide lock gate with no skewing or 
jamming is a man-sized job. On the larg- 
est lock in the country this is accom- 
plished by a special system of a-c driving 
motors and Synchroties, which moves 
the gate precisely in all operations. 


BURKE FRICK 
Consulting & Application Engineey 
Engineering Department 


S. S. BROWNE 
Supervi or of Engineering 
Manufacturing & Repair Department 


Westinghouse Electric Corporation 
St. Louis, Missouri 


ontrol for LoD / 


A new feature in the design of large locks is the use of dou- 
ble-leaf vertical-lift gates. Located at the upstream end of 
both the 1200-foot main and the 600-foot auxiliary locks, these 
gates submerge to allow tow boats and barges to enter the 
lock. Their vertical movement is also used to match the ex- 
treme changes in river level, and to eliminate undesirable 
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accumulations of driftwood or ice in the canal above the lock 
by flushing them over the gate. Water flow over the sub 
merved gate can also be used for supplemental filling of the 
lock. Although walkway bridges are provided just down 
stream of the upper gates, they also submerge to clear the 















a 


lock for traffic. Conventional miter gates are used at the 
downstream end of the locks. 


/ Control Equipment 


Six control houses, three adjacent to the vertical-leaf gates 
and three adjacent to the miter gates, contain the switch 
boards associated with each gate control. Each house contains 
a benchboard-type switchboard for control, and a special 
duplex switchboard incorporating the motor starting and con 
’ trol equipment, protective relays, and distribution circuit 
breakers. One upstream control house contains one switch 
board for the adjacent machines of the main and auxiliary 
locks; another contains an engine-driven generator for emerg 
ency lighting and limited operation in the event of loss of the 
normal 460-volt a-c power supply. 

Each benchboard has control switches, indicating lamps, 
} t and position indicators for complete control of one gate, and 
i the associated valves used for filling and emptying the lock 


Each gate except the auxiliary-lock miter gate can be con 


— 


trolled from either side of the lock. Both leaves of the vertical 


lift gates, as well as the associated walkway bridge, can be 


controlled from either upstream benchboard. To make it easy 


for the operator to watch the movement of the gate, the 


vessel, and the water level, the benchboards are located in a 
vlass-enclosed bay on the side of the control house 

Accurate indications of gate position and water level are 
provided by self-synchronous motor-type transmitters and 


receivers and, since position indication is imperative for oper 


Fig. 1—Simplified schematic diagram of a power Synchrotie system 
as applied to the lock vertical-lift gates and walkway bridge. 
<— 


Fig. 2—The torque-angle characteristics of a 20-hp, 24-pole, 


3-phase Synchrotie unit with torque-limiting resistors in the rotor circuit. 


Control desks in bay projections of each control house provide finger-tip 
regulation of speed and torque, and offer clear view of the lock. 








ation of the vertical-lift yates, (Wo sets ol position transmitters 
are used: one from the gate-hoisting machines, the other from 


the gates through a wire connection. Use of either transmitter 


can be selected by operation of control switches 


Control for the Gates 

In every detail these lock ow the latest in lock engineer 
ing, but the controls of the submerging vertical-lift gates and 
walkway bridges represent the most important electrical 
design advances. 

Lowering and raising of the gates, once started, must be 
carefully controlled. Although 110 feet wide, the 272-ton gate 
leaves must move over their entire vertical range with practi 


cally no skewing; torque and speed must be carefully regulated ; 


and all controls literally must be at the operator’s fingertips 
These exacting requirements have been achieved by use of a 
special system of a-c driving motors and Synchroties 

The drives for the walkwa bridge and tor each of the 


leaves of the double-leaf gate are essentially the same insofar 


as they consist of one drive motor and a Synchrotie motor 


geared to the hoisting ma nervy on each side of the lock, 
lig. 1. Synchronizing and starting of the motors is accom 
plished as follows: (1) the brakes are released and single-phase 
excitation is applied to the Synchrotie motors simultaneously, 
two steps of single pha e synchronization being used in the 
case of the walkway bridge and upstream leaf: (2) after a 
short time-delay to allow the motors to correct any position 
displacement, three-phase ¢ tation is applied to each of the 
Svnchrotie motors; (3) the e motors are then energized 
and the accelerating contactors close to bring the motors up 


to operating speed 
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angular displacement between the rotors of the Synchrotie 
units, a possibility exists that the machines will come up to 


speed in the direction of the field when three phase power is 


I 
applied. The torque-angle characteristics of a three phase 


Synchrotie unit with torque-limiting resistors in the rotor 
circuit are shown in Fig. 2. Positive torques on both the trans 
mitter and receiver units indicate that the units will tend to 
pull into step and not motor. At approximately 105 electrical! 
degrees displac ement, the torque on the receiver unit becomes 
negative, indicating that both units will tend to motor with 
one unit acting as a short-circuit in the rotor circuit of the 
other. When single-phase excitation is applied, as in Fig. 1, the 
torque-angle characteristics of the motors are such that no 
negative torque is developed and there will be no tendency 
toward motor action. The angular displacement between the 
rotor of the Synchrotie units is reduced by the single phasing 
so that when three-phase excitation isapplied, the transmitter 
and receiver-unit torques are both positive and no motoring 
torque is developed. The Synchrotie units are operated against 
the rotating field in the stator so that maximum synchronizing 
torque can be deve loped during operation 

Phe complexity of a power Synchrotie drive varies with the 
requirements of operation In this case, the most varied re 
quirements exist for the downstream leaf of the double-leaf 
gate, as evidenced by the following requirements: (1) Raise or 
lower the submerged gate at a motor speed of 1150 rpm tor 
high-speed operation and 285 rpm for low-speed operation 
(2) Raise the submerged gate at a motor speed of 1150 rpm 
until the top ol the gate is ap 
proximately 2.5 feet above the 
water, then automatically slow 


down to 285 rpm and _ raise 


speed of 1150 rpm to six inches above upper water level, and 
slow to a preselected speed between 100 and 300 rpm. Contin- 
1e to lower at this speed to a point of 2.5 feet below water 
level of the upper pool and stop automatically. As soon as the 
water-level differential reaches one inch, automatically con- 
tinue lowering at 1150 rpm to a depth of 15 feet below water 
level. (4) In no case, under any operating Conditions, is the 
torque from the drive motors and/or the Synchrotie motors to 
exceed 900 pound-feet. This torque limitation is approxi 
mately 490 percent of the full-load torque of the high-speed 
motor and 245 percent of the full-load torque of the low 
speed motors. (The limitation was imposed to allow a reduc- 
tion In size and cost in portions of the mechanical system be- 
tween the motors and the gate.) 

\ schematic diagram of the downstream-leaf power system 

shown in Fig. 1. For raising or lowering the gate during 
high-speed operation, the low-speed motors operate as Syn 
chroties to keep the gate level. Starting resistors in the rotor 
circuit of the low-speed motor prevent excessive torques from 
being developed in the synchronizing sequence and are short 


circuited aft 


er the low-speed motors have been synchronized 
Phen the high-speed motors are energized. Torque limitation 
; ; 


during the first step of acceleration is accomplished by the 
starting resistors. Approximately 12 cycles after the first step 
of accelerating resistance is cut out, the instantaneous over 
current relays in the high-speed motor-armature circuit are 
placed in the circuit by opening the shorting contacts on the 
current transformers to obtain torque limitation. In case of 


Fig. 3—Speed- 





until the top of the gate is three 
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feet above the water. (3) With a ‘ 


across the gate, lower from a 
position three feet above the 


upper water level at a motor 
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for miter gates at lower end of locks. 


of the main lock. 


WESTINGHOUSE ENGINEER 











| 


a eon — 







failure of one high-speed motor, the leaf can be operated using 
one high-speed driving motor and the low-speed motors as a 
power Synchrotie, or the leaf can be operated without Syn- 
chrotie by manual synchronization when necessary. 

Low-speed operation is similar to high-speed operation. 
except that the functions of the high- and low-speed motors 
are interchanged. 


Operation of the Gates 


The water level in the lock is raised or lowered by valves 
around the upper and lower gates. However, to reduce the 
time nec essary for a lockage, the upper gate can be lowered to 
allow additional water from the upper pool to enter by flowing 
over the top of the gate. This is known as a supplemental-fill 
operation. To prevent excessive turbulence in the lock due to 
large volumes of water flowing from the upper pool into the 
lock, prec ise speed control of the leaf must be maintained 
during the lowering operation, and the leaf must be precisely 
positioned at the end of the lowering operation. 

The gate is lowered at high speed until the top is six inches 


above the water level of the upper pool. At that time, a tuned ° 


circuit is inserted into the rotor circuits of the high-speed 
driving motor, causing these motors to decelerate. A contactor 
in the Synchrotie rotor circuit then closes to introduce resist 

ance, which produces a counter-torque against the direction of 
rotation of the low-speed motors. The resultant speed of the 
gate is controlled by balancing the load of the gate plus the 
counter-torque of the low-speed motors against the output of 
the high-speed driving motors. In Fig. 3, the speed-torque 
curves of the high-speed motors with the tuned circuit in the 
rotor circuit are shown, as well as the speed-torque curve of 
the low-speed counter-torque Synchrotie motor, and the com- 
bined characteristic of the two geared together for a nominal 
operating speed of 115 rpm. Fine control of the speed is ob 

tained by using a differential device, which compares the 
speed of the drive motors with a fixed speed obtained from a 
lightly loaded induction motor. The differential device oper- 
ates the rheostat in the rotor circuit of the counter-torque 
motor and thus changes their torque within the limits shown 


Vertical, tunnel-type switchboards house relays, tim- 
ers, circuit breakers, contactors, and instruments. 
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in Fig. 3. The driving system holds the speed within e 
percent of the nominal speed over a torque range of — 20 
pound-feet to +65 pound-feet, as shown in Fig. 3. The speed 
is adjustable between 100 and 300 rpm by varying the value 
of inductance in the tuned circuit and the value of resistance 
in the counter-torque circuit. The variable speed reducer 1s 
then set to operate the system at the desired speed. 

lo prevent shock to the machinery, when operating on 
high-speed drive, the gate is decelerated as it nears the end of 
travel. At a point six inches from the end of travel, the tuned 
circuit is introduced in the rotor circuit of the high-speed 
driving motor, giving a smooth deceleration to a speed ol 
travel that will not cause excessive shock to the mechanical 
system when the brakes are set 

The a-c drive with power! Synchroties for level control re 
quires the minimum number of rotating machines for use in 
moving a structure such as a lock leaf or bridge. If only one 
speed of operation is required, the Synchrotie and the drive 
motors can be of the same design. Where the Synchrotie and 
drive motors are duplicates, one of the drive motors can be 
removed, in case of failure, and replaced with one of the Syn 
chrotie motors, and the structure moved without using a Syn 
chrotie. With such a scheme, operation without any spare 
rotating equipment is possible, because the characteristics of 
the drive motors are so similar that very little skew will de 
velop in normal operation with the Synchrotie motors de 
energized. The leaves al Low k Qi have been operated Overt 
their entire range of travel with the Synchroties de-energized 
with less than three inches of skew being developed. 

For Lock 27, duplicate motors were used for spares, a 
minimum number being required because only one spare is 
needed for the two walkway bridges and one for the two up 
stream leafs. The multispeed operation of the downstream 
leaf necessitates that two motors be kept as spares, one 40 
hp and one 20 hp. 

Alternating-current equipment has the advantages of pro 
viding control with a minimum number of pieces of rotating 
equipment and a minimum of spare parts. In addition, it re 
duces maintenance problem 


Gasoline-engine generator set provides standby pow- 
er to assure continuous supply for operation of locks. 











A 200 000-kva transformer, although 99.95 per- 
cent efficient, requires more than a half acre of 
radiating surface to rid itself of the 1000 kw of 
heat losses. In the common oil-to-air variety this 
requires large banks of radiators, which become 
a major component of the transformer. An im- 
portant step in the long period of transformer 
evolution has just been taken with a radiator 
capable of being tested to much higher pressure. 


H. L. Cou 
ory Engineer, Power Transformer Engineering 
Westinghouse Electric Corporation 
Sharon, Pennsylvania 


A New Milestone in 


Rutter 
The first demountable radiator built by Westinghouse 
was completed in 1915. This was a single-phase, 5000- 
kva, 25-cycle unit. It was made of sheet metal formed ‘ 


into an accordion shape, and tapered from the tank end. 


many years, for medium-sized 
nificant improvements continue to be made in detachable power transformers—up to 2000 or 2500 kva. In the late 


A! rer forty vears of almost continuous development, sig tank continued in use for 
j 
a 
1920’s cast-iron tanks could no longer compete with welded 


radiators for power transformers. A new radiator can be fa 
construction, and the cast-in tank was abandoned. 


The second method of self-cooling for large units was the 
tubular-cooler” tank. Two-inch pipes were bent at the ends, 
ind welded directly into the tank wall. For the larger kva 
ratings (2000 kva) several layers of tubes were welded into 


tory tested against leaks to three times higher pressure tha) 
before. A new header construction, in addition to being able 
to withstand greater test pressure, is simpler as it eliminates 
connecting pipes and elbows and either one half or two thirds 

of the gaskets 
Detachable radiators had their beginning in 1914. Up to the tank wall. The tanks were made of heavier plate—*j¢ to 
that time self-cooled ratings were limited by the amount of . inch thick —and were called “‘boiler-iron” tanks. The cool- 
Phe larger ng tubes on these tubular tanks were much like those used 
sizes were water cooled. In the early days—the 90’s—trans on self-ventilated network transformers at present. The 
tubular-cooler design, with header-type tubes welded directly 


} 


cooling surtace that could be built into the tank 


30 and 75 kva were water cooled. This was don 
tran to the tank wall, is still the popular method of cooling for 


formers of 
by placing a coiled-up water pipe in the top of the 
transformers up to 5000-kva rating. 


Phe first Westinghouse demountable radiator was designed 
1914 and was built for three 5000-kva, 25-cycle trans 
formers. This type of radiator was only moderately successful 


jlorme! just below the oil level As voltages increased an 
larger tanks were required, higher kva ratings could be made 


self-cooled. But it was not until detachable radiators became 
1} 


available that transformer men began to think of self-coolins 
1000 kva is it did not have adequate strength. Although more than 


for units of more than 3000 o1 
1000 of them were made during the three-year period of use, 


Meanwhile, two other types ol cooling for self-ventilate 
transformers were developed. One was the fluted-wall tank they have since been replaced or become obsolete. 
1900's. The thin sheets use¢ The second pe riod in detachable-radiator evolution covered 
At first these the years from 1918 to 1930. This was a tubular radiator sup- 
plied by a company that made a specialty of radiator manu- 


It consisted of 35 to 47 oval tubes (1 inch by 3 


which came into use in the early 
in the walls were folded up accordion fashion 
were riveted or soldered to the cast-iron top and bottom of 
the tank. Later the walls were supported in the molds used facture 
for casting the tanks, and the cast iron was poured in around inches outside dimensions) gas welded to sheet-metal headers. 
the thin walls—hence the name “‘cast-in”’ tank. This cast-in lhis was a successful radiator as indicated by its continuous 
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from 4 to 14 feet long. 

This construction, as originally made, had a weakness. The 
individual tubes were welded on the inside of the headers. 
Hence, when the header cover was welded on there was no 
access to the welded end of a tube in case a leak developed. 
Also with this construction a water pocket was created at the 
bottom of each tube. Frequent painting was required to pre 
vent corrosion at this point. 

Throughout the 20’s development of a sheet-metal radiator 
was aggressively pursued. Many designs were made and 
numerous samples built and tested—all of which made very 
clear that while a transformer radiator seems like a simple 
thing, the creation of an efficient, reliable, and economic one 
is a major undertaking. 

Culmination of this effort came in 1930 with a cooler that 
was not only highly successful —it is still the basic design and 
has been built by the tens of thousands—but also it is ex 
tremely novel. This is the blown-up or inflated cooler—the 
cooler being a single element of a radiator assembly. Two long 
pieces of sheet metal are resistance-welded along the two 
edges. Also one or two seams are welded for most of the length 
of the two strips. Then the two edge- and seam-welded plates 
are placed in a jig and air pressure is applied through a pre 
pared opening in one end. This inflates the radiator, forming 
two lobes, in the case of the single, center-seam design, or 
three lobes with the present double-seam. The result is a 
mechanically strong cooler with large surfaces and free ducts 
for air flow on the outside, and smooth passages for the flow 
of oil on the inside. One great merit of making the radiator in 
this fashion is that all the welding is done on two flat sheets 
This is simpler than if the lobes are made in a press, or formed 
by rolls prior to welding. 

There is no distortion of i 

the edges, and the cooler is 
given a good high-pressure 
test at the same time it is 
formed by inflation. 

The intlated design con 
tinues with great success to- 
day. In the intervening 20 
years, however, a number 

of important improvements 
have been made. 

Bracing strips, to space 
the coolers evenly and to 
brace the entire assembly, 
were soon added. These 
strips were first mounted 
both horizontally and di- 
agonally across the radia- 
tors, to obtain greater rigid- 
ity. Later it was discovered 
that certain lengths of cooler 
were quite resonant at 60 
cycles. To keep them all 
the same nonresonant 














length, diagonal braces were 
omitted and only horizontal 
braces used. 

The type of headers into 
which the coolers terminate 
and the manner of connect- 
ing the headers to the tank 


use for 13 years. In fact, many thousands of these radiators 
are still in service. They were made in a wide variety of sizes 





































































Above, and at right are 
early versions of the in- 
flated (twin-lobe) sheet- 
metal radiator units. 


A radiator made of a 
large number of oval 
tu bes with ends welded 
irto headers;was used 
for about 13 years. The 
tubes of this unit, built 
in 1930, were set in 
rows, each row being 
staggered with respect 
to the adjoining row. 
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have undergone many changes. Current practice has been to 


flare the ends of the inflated coolers into flanges, which are 
edge welded. To this is welded a rectangular or box-shaped 
header of sheet metal. A circular opening and a flange is 
placed in the center of this header. This assembly is fastened 
top and bottom to a one piece pipe and elbow of cast iron 
that extends from the tank and both supports the radiator 
and conducts oil to and from it 

Over one-hundred thousand radiators have been built this 
way. Only rarely has a leak developed. However, it has been 
recognized that a header capable of withstanding greater 
pressure would be desirable as this would permit the whol 
radiator assembly to be tested at higher pressure and thus 
provide a more positive search for inadequate welds. Actually 
the header is the present bottleneck to test pressures The 
original coolers were inflated with air pressure at YW) pounds 
per square inch. Subsequent improvements in welding tec! 
niques, use of thicker gauge metal, and the three-lobe instead 
of the two-lobe design have made it possible to raise inflation 
pressures to 160 psi. Except for the header, the radiator wi 
withstand 175 psi test pressure. However, up to now test 
pressures have been limited to 15 or 20 psi, which is only 1! 5 
to 2 times the pressure developed in transformer operation 
Chis is because the rectangular section used for the header is 
inherently not a pressure-resisting shape 

A new type of header obviates this limitation. It is formed 











from a single sheet of steel into a large ““U’’. The coolers are 
formed and their flanges welded together as before. This 
welded flange section becomes the “‘roof’’ for the ‘‘U’’. One 
end of the ‘‘U” is closed with a welded plate; the other end 
terminates in a flange that is bolted directly to the tank open- 
ing. This construction requires no pipe to connect the radia- 
tor assembly to the transformer. Also the only gasketed joint 
is at the tank wall; the gasket between header and elbow is 
eliminated. The long, free-air ducts, so beneficial for forced-air 
cooling, are still a feature of the new construction. The new 
radiator can be tested to 50 psi. This is five or six times 
the operating pressure and three times the test pressures used 
on the previous construction. 

Because the elbow and pipe connection is not needed, the 
space at top and bottom of the radiator formerly occupied 
yy it can be used for coolers. Thus the coolers with the new 
construction are longer than with the ‘‘box”’ header. This in- 
creased radiating surface makes it possible for 15 coolers to 
do the work of 16 

Radiators, heretofore, have been made in a single size- 
with 16 coolers. Thus when one row of radiators did not pro- 
vide adequate cooling capacity two rows were used in tan- 
dem. The pipe connecting header to tank was extended to 
serve both radiators. This, of course, meant two additional 
flanges and gaskets for a total of six for one radiator. 

The new radiators are made in three sizes, with 15, 23, and 
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A modern version 
of the inflated radi- 
ator, with a sheet- 
metal header, and 
an elbow connec- 
tion to the tank. 


The new high- 
pressure header 
formed into a U- 
shape of sheet met- 
al permits testing 
the entire assem- 
bly to 50 psi. No 
pipe elbow, flange, 
and gasket is need- 
ed at the radiator. 
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30 coolers. Each is a single unit, with but one flange at top and 
bottom to bolt to the tank. The choice of sizes also adds to the flex- 
ibility in selecting the most desirable amount of radiating surface for 
any rating of transformer. 

In the previous construction the flanged ends on the outside cooler 
element had to be different from the others. In the new one all coolers 
—even including the two end coolers—are identical. A small detail, 
but such things conspire to make a more trouble-free equipment and 
one simpler to assemble. 

Certain other improvements have also been made. A new and 
heavier forged valve has been developed. The bolt circle on the tank 
for mounting the radiator has been enlarged from a 6-inch circle to 
a rectangle 744 by 5%4 inches. This gives greater strength at the 
flange. The new and stronger radiator can be used for replacements 
of the older design, should this ever be required. A simple adapter 
flange is available for this purpose. 

The finish for the radiator has been changed to the mica-flake 
Coastal finish developed about two years ago for use on distribution 
transformers subjected to salt atmospheres. This finish has been so 
resistant to deterioration in all kinds of atmospheres that it is being 
extended wherever possible. The mica-bearing paint, which is the 
second of three coats, is flowed on and baked with infrared heat. 

This marks another step in a 40-year evolution of detachable 
radiators. The result is an important component that is both simple 
and better, and should reduce the problem of transformer mainte 
nance even further. 
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HIS is the new rectifier welder in action. The color photo- 


graph shows the inside of the welding unit. At the top is the 
ventilating fan; center, the Transactor unit with aluminum coils; 
at the bottom, the rectifiers. (See p. 208 for further information.) 























HIS 150 000-kva power transformer, des- 

tined for the Appalachian Electric Power 
Company, is designed for 330 kv, and is one of 
the largest capacity transformers ever built for 
this high voltage. It is one of 12 such units now 
on order for the American Gas and Electric 
system. The unit is designed to operate at a 
river flood level of over 6 feet above the base. 


T FAR left, the engine room of the Sun Oil 

Company’s new tanker, the Delaware Sun. 
The low-pressure turbine is at left, the high- 
pressure turbine at right. In the background is 
the turbine control. The normal rating is 
13 500 shp at a propeller speed of 100 rpm. 
The total shaft horsepower is equally divided 
between the high- and low-pressure turbines, 
which run at 6310 and 4230 rpm, respectively, 
at normal power. At left, the main generator 
and distribution switchboard, which incorpo- 
rates the generator circuit breakers, voltage 
regulators, instrumentation, and distribution 
circuit breakers required for parallel oper- 
ation of the two 500-kva ship’s service gener- 
ators and for distribution of power to auxiliary 
panels. There are 24 power and lighting dis- 
tribution panels at various points on the ship. 
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HOWN above are the stator (left) and the rotor (right) for the 83 000-hp syn- 
g 

J chronous motor that will serve as part of the 216 000-hp electric drive for the 

U.S. Air Force’s new transonic and supersonic wind tunnels at Tullahoma, Tennes- 

see. A similar motor will be installed soon, along with two 25 000-hp induction motors 
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Fig. 1—The use of forced-air fans can result in 
more than a 200 percent increase in the effi- 
ciency of the transformer radiator surface. Air 
volume is in cfm per foot of radiator length. 


If nature were fully cooperative, a power 
transformer might need no cooling fans. But 
until such time as a good stiff breeze is avail- 
able whenever the transformer needs it, fans 
will continue to play their vital part in the 


operation of all large power transformers. 


Forced -7btt 





Fig. 2—Early attempts at forced-air cooling utilized a central 
ventilating fan and a cumbersome system of metal ducts (A). To 


conserve the floor space required by the fan equipment, and to 


Power fran, 


EARLY 75 percent of all power transformers larger than 
10 OOO kva are built with cooling fans, and many of the 

rest have fans installed later. Transformer radiator ethciency 
can be increased by as much as 200 percent through the use of 
fans (Tig. 1), and the usual design of forced-air-cooled powet 
transformers allows for a one-third increase in load when fans 
are In operation 

\s power transformers have grown 1n size, suppleme ntary 
cooling has become even more important, because for the larg 
ratings the radiators required to self-cool a transformer would 
be larger than the transformer itself. Radiator surface areas 
are cooled mainly by convection, and require a volume of coo 
air about equal to that of a 15- to 20-mile-per-hour natura! 
breeze. Fans are used to supply air in this amount, and their 
application greatly reduces radiator size 

Fan cooling is often used only during peak-load periods, 
with self-cooled radiators dissipating the heat from average 
loads. Such an initial installation makes it a simple matter to 
increase the transformer rating to accommodate load growth 
by merely operating the fans continuously. And since peak 
load periods are usually periods of higher ambient sound leve 
the fan sound is not as noticeable 

Continuous fan operation, on the other hand, permits the 
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use of a smaller transformer, and eliminates the need for fan 
control. Even in times of off-peak loads, continuous fan oper 
ation will increase transformer life as a result of cooler 
operating temperatures. 

Evolution of fan cooling has led to the present flat-fin ra- 
diator (Fig. 2). Replacing the round-tube design, the flat-fin 
radiators form a series of continuous air ducts, and eliminate 


the need for a fan on each radiator. 


Factors Influencing Fan Selection 


Many factors enter into the selection of the kind of fan 
cooling, including available space, load, both present and 
anti ipated, and sound ambient Obviously, the number of 
fans applied should be kept to a minimum, and such inter- 
related characteristics as fan size, speed, blade configuration 
and pitch can be varied to provide the needed amount of air. 
Since each affects the other, and all vary such things as sound 
level, they cannot be changed independently. 

Kan sound level is sometimes the limiting consideration. 
Standards permit a three-decibel increase in total transformer 
sound level when forced-air fans are applied. Since the com- 
bination of two equal sound levels results in approximately a 
three-decibel increase, the sound level of the fans should not 
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eliminate the costly duct work, individual fan housings and ducts 
were applied to each radiator (B). Flat-fin radiators mounted side 
by side made it possible to mount fans on one end of the radiator 
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bank to force air through the continuous ducts so formed (C). This 
reduces the number of fans required, and results in simpler main- 
tenance and replacement. No additional floor space is required. 


W.D. Atsricutr, Transformer Engineering, Westinghouse Electric Corporation, Sharon, Penn 


exceed that of the self-cooled transformer for which they are 
to provide cooling. 

Modern forced-air cooling fans deliver from 3000 to 7500 
cubic feet of air per minute, at velocities of some 1000 feet per 
minute at the fan. Some large power transformers require 
as much as 300 000 cubic feet of air per minute. The rela 
tionship of air volume and sound level is shown in ‘Table 1. 

Fan speed is closely related to air volume and sound level 
Standard 1725-rpm motors have been used for years, and are 
still used in many applications. Where large numbers of fans 


PABLE | PERFORMANCE OF TYPICAL FORCED-AIR COOLING FANS 
ON POWER TRANSFORMERS 














. Mot rut 
| D bol Air Volume* Fan Noise I 
= | ; Percent of Fan A Decibe 10) 
\ 
Am Watt 
\ 2 100 65 5 335 2? 
B ) R} Ss Re 204 
( d¢ 1 1 ¢ te 148 
D 26 Ss 513 20) 62 
, 26 50 18 1S¢ 64 
I 18 14 6.2 34 134 
*Measured with anemometer per preliminary NEMA Standards 1-FM 
+ Measured on six-foot radius from fan per NEMA Standards TR-130 
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are required, or where an extra low sound level is desired, 
1140-rpm motors are used, and in a few very special cases the 
speed has been further reduced to 860 rpm. Since fan blade 
efficiency drops off below the optimum design speed, changes 
in pitch, blade shape, and ( ire necessary if low speed 
blades are to be used 


Even though statically balanced, fans do not operate com 


pletely free of vibration. Rigid mounting is used to prevent 


sympathetic vibrations in radiator assemblies. Flexible neo 
prene connecting cable eliminates the transmission of vibra 
tions through conduit 

Either single-phase, capacitor-start, capacitor-run, or three 
phase fan motors are used. Although a three-phase motor 
always rotates in the proper direction, a natural breeze can 
cause unenergized single-phase fan motors to start in the 
reverse direction and continue to run reverse when energized 


The cooling effects of the breeze, however, usually offset the 


loss in cooling efficiency that results from rotation of the fan 
in the reverse direction. Reverse rotation will not cause any 
damage to the motor 

Unit assembly, such as illustrated in Fig. 3, makes it possi 
ble to remove the fan without de-energizing the circuit 


limits 


Chis not only simplifies any maintenance work, but 
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the number of peratures, and sounds an alarm or trips a circuit breaker if 


he temperature rise persists 
Fan Control \ hot-spot thermometer is sometimes used to control coo! 


Manual « viously tl im t, bot! nev y fans. It detects the top oil temperature, and also responds 


tran r coil through which is passed a current propor- 


Start and OD tional to the load current. The device is calibrated so that it 


id or temperature the winding hot spot, rather than the winding 


ure itself. 
oil-temperature contro n combination with self-cooling and forced-oil cooling, 
nfrequent, the top oil in the trai forced-air cooling has given rise to the triple-rated power 
winding npera transformer. Such a transformer has one rating when self 
ooled, a one-third larger rating with half the pump and fans 
and still another one-third increase with all the 
and fans operating. 


permit f ipid 
\s power transformers get still larger, and 300 000 kva units 


d to control 
not only starts t! but are now being designed, forced-air cooling will continue to 


be an important factor in their operation. 


Fig. 3—Unit as- 
sembly of fans 
makes for fast, 
simple replace- 
ment and main- 
tenance (right). 
The same fan is 
mounted under 
tubular radiators 
used on smaller 
units (below), 
used with forced- 
oil-to-air heat ex- 
changers (left). 
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: OST scientists are pleased if they produce one idea a week, 
M or even a month. He turns them out by the dozen. And 
many of them prove to be sound, useful ideas; all of them ar 
thought-provoking.’ 

Phis sincere compliment to Dr. Clarence Zener was volunteered 
by one of his associates, himself a recognized authority in his 
field. It is a belief expressed by many of his other scientific col 
leagues. Had Dr. Zener heard this statement personally, the part 
he would have appreciated most would have been the reference to 
his ideas as being ‘‘ thought-provoking.”’ For this, as he sees it, is 
one of his major aims as an Associate Director of the Westing 
house Research Laboratories—to serve as a sort of spark for his 
team of scientists. Ideas beget ideas, and if one of his thoughts 
strikes a resonant note, it may produce an avalanche of totally 
new information, 

Zener is a relative newcomer to the industrial laboratory. And 
his presence there indicates a certain change in his personal phil 
osophy of research. Most of his career to date was spent as a 
college profe ssor. And in the classroom and laboratory he built a 
\s he puts it, 
‘I really was—and am-—a theoretical physicist. I never was 
much of a hand at actual experimentation with equipment.” 


considerable reputation as a theoretical physicist. 


Zener has gained nationwide professional recognition for his 
work on metals, particularly on internal friction and diffusion of 
metals. Several years ago, he proposed an entirely new theory 
for the causes of ferromagnetism; this has since provoked con 
siderable discussion both in this country and abroad, 

During World War II, Dr. Zener carried on research and devel 
opment work on projectile design and armor penetration at 
Watertown Arsenal. It was here that his views on the method 
of doing research began to change. As he puts it, “The presence 
of a practical objective to our work—for example, better armor 
plate—made us ask questions we would have never thought of in 
an academic environment. This helped to convince me that 
research proceeds at a more rapid rate if we have some ultimate 
practical goal, or goals, in front of us.”’ 

Zener’s early life was spent in Indiana; he was born in Indian 
About his choice of a 
career, he says, ‘I never really did decide to become a scientist. | 


apolis and spent his youth in Vincennes. 


just sort of veered in that direction from the time I first became 
engrossed in the family encyclopedia.”” That direction turne¢ 
out to be physics. In 1926 he obtained a B.A. from Stanford, ther 
enrolled at Harvard, from which he earned his doctorate in 1929 
From there his quest for knowledge led him in a zigzag path to 


several parts of the world. First to the University of Leipzig, 
where he spent a year in study; then back to the United States 
where he became a National Research Fellow in Physics. In 1932 
he began specialization in solid-state physics at Bristol University 
in England, where he remained for two years, following which 
came a period at Washington University in St. Louis as a1 
instructor in physics. In 1937 he moved to a similar post at Cit) 
College of New York; and three vears later he became an asso 
ciate profe ssor at Washington State College. 

After his wartime work at Watertown Arsenal was concluded, 
Dr. Zener became a professor in the Institute of Metals and the 
Department of Physics at the University of Chicago. It was her 
that much of his work on metals was done, and where his theory 
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of ferromagnetism was conceived. From this post he came to 
Westinghouse in 1951 

Cartoonists often portray clentists as preoccupied, absent 
minded, and somewhat antisocial individual Zener bears no 
resemblance to this popular but tallac ous concept In conversa 
tion you gain a distinct imp m that his entire concentration 
s directed toward the discussi it hand. His manner ts direct, 


helpful, and pleasant 


ven in the short space of t cars,’Zener has made a lasting 
mpression upon his research colleagues. One characteristic that 
helped accomplish this is a certain basic optimism combined with 
an unwillingness to admit defeat where a research problem he 


} 


believes in is concerned, HH, for example, a laboratory experiment 
appears to prove a ne Vy theor vyrong, Zener reluse to become dis 
careful review of both 


couraged. He insists on a complete at 
the theory and the experiment to find the error Until such time 


as it is found, he mainta ( plete pen mind on the ub 
ject. Back of this, of course ( cientist’s desire to see a fair 
and thorough test of any theor Neverthele th tenacity ol 


purpose is a trait that star esearch scientist rood stead 

In trving to make a point Zener often resorts to analogie Hi 
ilso has a favorite and somewhat versatile humorous anecdote 
that tells a story in itself. It concert i slightl nebriated 


gentleman discovered searching the lewalk under a lamppost 
by a curious minion of the The otheer watched for a fe 
moments and then inquired if he could be of help. The tippler re 





plied that he had lost his ke hereupon the othicer offered to 
help. After several minut t effort had failed to turn up 
the missing kev, the ollice { ‘ 1) te ! the ma i ure he 
lost the kev there. “Oh o, ofhieer, | lost it over there in that 
dark alley—but there’s mor t over here.” 

Ihe lessons contained in t tor ire several, but one in par 
ticular apples to Zener | f. Everything about his past and 
present eflorts suggests that |! ve found i rin the right 
place for the kev, regardle it irrounding difficulty 








Sulton Coordiilion 


—A Problem in Probabilities 


If a person insured himself against every possible contingency he 
would have no substance left for other of life’s activities. So one 


must decide what is a reasonable amount consonant with his own 


situation. There is a fair parallel with the problem of determining 


the amount of apparatus insulation and lightning protection for 


high-voltage power systems. Various elements of experienced judg- 


ment and records of past performance can be established as guides. 


rye coordination of insulation and the determination of 
| basic impulse insulation levels must be approached from a 
rational and economical basis. From the economic standpoint, 
it is desirable to keep the insulation level as low as possible 
commensurate with safety to the insulation to be protected 
(ne way to attack the problem would be to consider the 
worst theoretical case, in which all of the unfavorable factors 
are permitted to pyramid on each other. This involves numer 
ous possibilities: the existence of no margin In the impulse 
strength of the protected equipment above the specified val 
ues; an arrester discharge voltage at the maximum value per 


mitted by the manutacture r’s tolerances; a considerable se pa 


1 
| 


ration between the arrester and the apparatus to be protected 
and a particularly severe arrester discharge current, in 
magnitude or rate of rise, or both, resulting from a nearby 


direct stroke or from the failure ol the shield wire system. The 


simultaneous occurrence of all of these pessimistic factors 
obviously would lead either to higher insulation levels than 
now in use, or to more elaborate protective systems (;00d 
engineering dictates some sort of compromise in the probabil 
itv of occurrence of all of these factors. The occurrence of these 
elements must be considered as a statistical phenomenon 
While the pyramiding of all of these factors might be possible, 
it is unlikely. The problem is to seek a satisfactory and eco 
nom al compromise 
In approaching the problem, one might attempt to analyz 
each factor independently with regard to its magnitude and 
the probability ol occurrence ol eact! 
of the magnitudes, and then to choose 
judiciously a magnitude whose fre 
quency of occurrence appears reason 
able. This is dithcult, first, because in 
many cases there is insufficient data to 
perform such an operation, and, se 
ond, because of the interrelation of the 
factors. Thus, one might obtain a cer 


tain probability of occurrence for the magnitude of t] 


1 dis 
charge current through an arrester and another probability of 
occurrence for the rate of rise of this discharge current. There 
is no evidence of the existence of a direct relationship between 
the magnitude of the discharge current and its rate of rise It 
becomes difficult, therefore, to attack the problem from this 
fundamental point of view Fortunately, another approach 1s 
} 


available. This is to use the operating experience obtained 
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with transformers protected with arresters according to what 
is considered today as good practice. This has the advantage 
that a// of the factors have been taken into account; those that 
are evident and analyzable as well as those of a more intan- 
gible character. There is just a sufficient number of failures to 
indicate that the present methods of applying arresters are 
neither too liberal or too skimpy. 

Phe problem of setting insulation levels in the first place, 
or the converse problem of choosing an insulation level from 
those already established, involves three major steps. T hese 
procedures are 

1—The rating of the arrester must be established from a 
determination of the maximum voltage to ground that can 
appear on a sound phase at the arrester location during fault 
conditions. This step of the problem is straightforward and 
does not, in general, involve the question of probability. One 
merely assumes that the worst fault can occur, which would 
vive the highest voltage to ground regardless of its character 
or location 

2—The conditions of arrester discharge must be assumed. 
his will depend on many factors and involves a large measure 
of probability. These assumed conditions will determine the 
arrester discharge voltage or the maximum voltage to which 
the arrester limits the voltage across its terminals. 

3—QOne must assume a certain margin over and above the 
crest of the arrester discharge voltage. This margin, when 
added to the arrester discharge voltage, determines the “pro 
tected level.”’ This is to take care of such factors as departures 
from assumed discharge currents in the arrester, separation 
between the lightning arrester and the protected equipment, 
ind the probabilities that occur in the manufacturing toler- 
ances Ol arresters 

As will be shown later, the factors involved in the choice of 
the discharge conditions for the arrester and in the margin are 
so numerous and vary over such wide limits, that it is difficult 
to choose a set of numbers applicable to all cases. Since it is 
one purpose of this discussion to point out the wide variation 
in these conditions, this end will be served sufficiently if the 
discussion be limited principally to the protection of sub 
station equipment 

1 order to orient oneself with regard to some of the pos 
sible conditions that might be assumed for the lightning- 
irrester discharge current and reasonable values that might 


be used for the margin, examine Fig. 1. 
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lor both grounded and ungrounded systems the curve in- 
dicated by triangles represents the crest voltage across the 
arrester (station-type assumed) when discharging a 5000- 
ampere, 10X20 microsecond wave. This includes the plus 10- 
percent tolerance reported by the manufacturers for station- 
type arresters. With this assumed arrester discharge current, 
a value for the margin was adjusted so that the computed val- 
ues would fall just below the corresponding basi impulse 
levels (BIL’s) in common use for these system voltages. The 
formyla found to be satisfactory is to take 15 percent of the 
crest voltage across the arrester plus a constant value of 30 
kv. The protected level, which includes both the arrester 
voltage and the margin, is plotted by the crosses and the 
BIL’s are plotted by circles. The relationship between the 
protected level so computed and the corresponding BIL’s 
clearly is close. Arresters applied according to these values 
have given good performance both as to failures of arresters 


Fig. 1—The curves in black refer to ungrounded systems in which 
so-called 100-percent arregters must be applied; the curves in 
color are for grounded-neutral systems in which 80-percent ar- 
resters can be applied. In both figures the abscissas are plotted 
for the nominal system voltage and the lower curve shows the ar- 
rester voltage rating. For the 100-percent system, the arrester 
rating was taken as equal to “the maximum voltage in the tolerable 
zone” or the next higher standard rating. This in most cases is 
equal to 105 percent of the nominal system voltage. For the 80- 
percent case, the lightning-arrester rating was taken as about 
80 percent of that of the corresponding ungrounded systems. 
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and as to protection afforded to the protected equipment. It 
would appear, therefore, that this combination of arrester dis 
charge current and margin is one of a number of possible com- 
binations that can be counted on to give good results. 

With the foregoing basis of discussion established, some of 


l 


the factors involved in the insulation-coordination problem 


can be « onsidered 


Maximum Arrester Discharge Current 


A considerable amount of field data 
has been obtained with magnetic links 
concerning the maximum discharge 
currents in arresters. Analysis of the 
experimental data obtained by differ 
ent investigators on actual systems 


shows that for discharges through sta 





tion-type lightning arresters, only 4 
percent ext eed 5000 ampere s crest and 


The probability 


only 1 percent exceed 10 000 amperes crest 


of occurrence of these discharges for each lightning arrester 


is one every 14 years for 5000 amperes and one every 58 


vears for 10 000 amperes It must be remembered, however, 


that in most cases the records were obtained at locations 


considered high in lightning severity so that data could be 
obtained qui kly. Therefore, these values probably represent 


more severe duty than for the average location 


One might argue that, since an arrester 1s a protective 
device, the most severe condition should be accepted. Actu 


ally, if this philosophy were followed, one might even consider 
a 20 000-ampere or even a 35 000-ampere discharge, as this 
It is a fundamental 


precept in planning protection that all of the 


is the maximum that has been recorded 
most severe 


conditions for application will not be imposed simultaneously. 
Because of the probability nature of most of the factors to be 
hould be chosen and this 
Wt the 


arrester and the protected equipments. One might very well 


discussed, a reasonable condition 


correlated with the actual overall 


service perlormance 


have chosen a 10 000-ampere, 10 X 20 microsecond wave to fx 
the arrester performan e. For station type arresters this gives 
a crest value of discharge voltage that is 8 percent higher than 
the 5000-ampere discharge current. Therefore, other con 
ditions remaining the same, the margin would have had to 
have been reduced from 15 percent to 6.5 percent to result in 


the same protec ted level 


Other factors affect the discharge current to be « xpected 
in arresters. Shielding is important. In a well-shielded sub 
station or a well-shielded transmission line, 99.8 or 99.9 


percent of all the discharges are diverted harmlessly to 


ground, and an even higher percentage might apply to sub 
stations where spec lal precautions are made to obtain good 
shielding. Closely associated in its effect upon the diversion 
of current to ground is ground resistance. Substation ol 
course, always have relatively low resistances, but the first 
and second tower out on the line might have high footing 
resistances so that even if a stroke does strike the ground or 
shield wire on the first few spans, a significant portion of the 
current might be discharged through the arrester. The typ 
ot line construction, whether steel tower or wood poles and 
the amount of insulation also affect the discharge current 
Wave Shape of Discharge Current 
During the past 25 years, the 1020 microsecond di 

charge current has been used as the tandard wave to de 
termine the discharge characteristics of a lightning arrester 
It approximates the most evere condition that can be 





undue expense and effort 


obtained in laboratories 
Also the wave shape ol 
1 5x« 40 microsecond w 


SCV CTE condition al encountered in practi ri \ 


harve voltage approximates ; 
does not represent the most 
record of a discharge current that approximates a S000 
ampere crest with a SO00-amypr re rate of rise has been ob 
tained. It might be argued that a svstem with a ground wire 
might receive such a discharge in case of a direct stroke to the 
conductor when the shieldi inction Tals se the 
line insulation fails xceptionally severe stroke 
strikes the ground wire his is quite true, but the probab it 
of occurrence of such a condition must also be considered 
Some substations are not provided with shield wires as the 
designers feel that the calculated risk of mechanical failure 
of the shield wire is greater than the protection afforde 
Without shield wires, the probability ol occurrence ot steeper 
waves 1S somewhat vreater than with shield wires It 
my belief and that of my associates that the probability ol 
occurrence of a 5000-ampere rate of rise is not sulficient to 
justify its use as a basis of arrester application 

The wave shape of the voltage across an arrester whet 
discharging a 10% 20 microsecond wave approximat 
is not exactly the same as, the 1.540 microsecond vol 

hat is used as a basis of insulation coordination and 

for the testing of the impulse characteristics ol equipment 
It has been argued that quite apart from the occurrence o 
10 20 microsecond current wave, in practice a current dis 
charge wave should be chosen that would give aS ClOSe a 
} 


possible a 1 5 H() microsecond (1 


ischarge voltage wave Phi 
j 


irgument would be fallacious if the current wave to produce 
\ more 


ipproa h might be to choose a reasonably severe 


voltage wave lorm never occurs 1n practice 


ight occur in practice and to determine then the 

ve shape of the voltage wave across the arrestet 

iiue corre ponding to this current Then by a me thod sucl 
developed by Witzke and Bliss, the volt-time character 

ulation with this type of voltage wave form applied 
determined. Actually, this would become rather 
compl ition us probably not war 

ugvestion has been made to use 

1 NM) impere crest and a S000 

1 rate of rise. The crest value of the 

type of wave is 17 percent greater 
voltage lor a 

irrent wave having a 


HO) amperes \s 


rye discl irv¢ 


the crest value alone 
effect upon the ins 
ippens that practica 
laboratory itations make it dithecult 
to obtain a current wave having 
SOO-ampere crest and ai S000-an 


pere rate ot rise wna % the same ( 


i long ta 


Even though a 1.5 H) microsecond 

orm appears across the arrester, the same volt 
rt appear across thie protec ted equipmel! { 

appreciably from the hghtning arrester 
ocated directly across the termina 

lipment would the protected equipment 

H) voltage wave. 

lines above 100 ky 


ground wires or have ground wires 


ast Si) perce s i} transmission 


ire either equipped wit 
extending for a mile from each substation. It is in this range 
} 


( that significant economies result from reduci 


IOO 


insulation of transformers on effectively grounded sys- 
In 34.5-kv and 69-kv systems, use of ground wires is 
prevalent, but, on the other hand, it is not customary 

- reduced insulation even if the system is well grounded. 
systems of these two voltage classes, particularly when 
system is grounded and reduced rated arresters are used, 


the protec 


ion problem is not so severe. It would appear, 
therefore, that for systems having a voltage of 100 kv or 
the steep current discharge can be neglected and for 
s on 34.5-kv and 69-kyv grounded-neutral systems, 
nt margin is sufficient to obviate this refinement. 
appears from the foregoing that in view of the little 
available on the wave shape of the dis¢ harge arrester 
currents, the wide variations in the conditions of application 
ind the enormous amount of laboratory data collected to date 
iracteristics with a 1020 microsecond discharge 

d be unwise to use any other than a 10X20 


crosecond discharge current wave for coordination. 


Separation between the Arrester and the Protected Equipment 
ive across the lightning arrester can be considered 
first, the voltage that appears before breakdown, 
the voltage during discharge. The voltage before 

rises at a rate determined by the incoming surge 

wn of the arrester gap, the current begins to 

e voltage across the arrester becomes the 

ge. Only when the arrester and the protective 

immediately adjacent will their discharge 

jual. Determination of the voltages within the 

ibstation structure is quite complicated and depends upon 
ich factors as the length of the downlead from the bus to 

e arrester, the electrical distance horizontally between the 


] 


irrester and the protected equipment, the presence of stub 
nd feeds and, even more important, the number of lines 
manating from the substation. The conditions are so 


| 


ariable and complex that unless one makes a rather detailed 


udy of the station, it becomes impossible to do otherwise 
han make a general allowance for these effects. Thus, unless 
he arrester is located on the transformer case, it is well to 
ide the effect of separation as one of the factors entering 

he margin mentioned previously and to limit the sepa- 


n to certain prescribed maximum distances 


Probability of Lightning-Arrester Manufacture 


standards for lightning arresters, the crest value 

scharge voltages are given for different values of 

20 microsecond current waves (5000, 10 000, and 20 000 
mperes crest). These values represent the average of a large 
umber of arresters. A tolerance of 10 percent above these 
is then provided, which represents the maxi 

that must not be exceeded to meet specilica 

has been found that in the probabilities of manu 
f of the arresters fall within the average value 


nt within a tolerance of 628 percent above the 


Ot LIGHTNING-ARRESTER CHARACTERISTICS 
THAT PRODUCE THI AME OVERALL PROTECT 
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a value equal to 624 percent above the average value. Thus, 


there exist three possible bases for coordination. One might 
use the average value, a value 62g percent greater, or a 
value 10 percent greater. In the values 
used in computing the discharge volt 
ages in Fig. 1, the author preferred 
to use the maximum value, that is, 
the value 10 percent higher than the 
average. It is recognized that this is 
largely a matter of judgment and 
preference. However, whatever value 
is used, a corresponding adjustment 
must be made in the margin so that 





the overall performan e of the arrester 
characteristic and the margin remain the same. Several 
combinations of assumed lightning-arrester characteristics 
and discharge currents through the arrester that give the 
same overall protection are shown in Table I. 


Insulation Characteristics 


The major insulation of transformers is such that for 
chopped waves (3 microseconds for 25-kv insulation and 
above) the withstand voltage is about 15 percent in excess 
of the full-wave test value. For shorter times of application, 
the insulation has an even higher strength. This is fortunate 
as the voltage across insulation at points other than the 
arrester location has superimposed upon it an oscillation of 
short duration. This overvoltage nests in with the upturn 
characteristic of the insulation for short periods of appli 
cation. Closely associated with this question is the wave form 
of the discharge voltage of the lightning arrester previously 
discussed. Mention is made of the upturn characteristic of 
the insulation at this point merely to draw attention to this 
factor, which is of a compensating character as regards os 
cillations within the substation and the peaking effect of 
the arrester discharge voltage with high rates of rise of dis 
charge current. 


Probability of Manufacture of the Protected Equipment 


Although the insulation of the protected equipment is 
rated on a minimum basis, certain margins are involved in the 
variabilities of manufacture and in the necessities of 
design. These margins exist with even more reason 
than the lightning-arrester margins, as the lightning- 
arrester probability can be controlled by tests in the 
course of manufacture. It is not suggested that this 
region be encroached upon, but the fact that this re 


average value. It has been suggested that the probability 
factor in the manufacture of arresters be recognized in the 
application of lightning arresters by using for this purpose 


Fig. 2—Basic impulse insulation levels for different system voltages. 
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gion does exist, and for sound basic reasons, must 
be recognized. SS 1400 
Choice of Application Conditions 0 
-Choosing conditions of application from a considera ¢< 
. ° . _. ° . 1000 
tion of each individual factor and the probabilities = 
with which these factors occur becomes quite involved = 
It should also be apparent that from the excellent op = 
erating service, any combination in Table I shows the 5 400 
same satisfactory coordination. Other information must E 
400 


be available to choose from Table I the most reasonable 
set of conditions. The margins given are based upon the 
characteristics of station-type arresters. Line-type 
arresters whose average discharge characteristics are 
25 percent greater than station-type arresters and 
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whose tolerance is 15 per ent have aiso given tolerably good 


service, but not as uniformly good as station-type arresters. 















































Using the higher average discharge voltage and incorporating 
the higher tolerance of line-type arresters, one must use a 
margin of 10 percent plus 30 kv to obtain the same protective 
level for a discharge current of 5000 amperes. This appears 
to reflect reasonably the somewhat inferior protection af 
forded by line-type arresters as compared to that given 
by station-type arresters 

On distribution circuits, the absence of ground or sky 
wires, particularly in rural applications, increases the exposure 
to the effects of lightning. This is substantiated by data 
obtained by means of magnetic links, which indicates that a 
higher arrester discharge current, of the order of 20000 
amperes, should be used for this type of application. On the 
other hand, since arresters in this voltage class are usually 
connected directly across the transformers, no margin need 
be included. Using the assumption of a 20 000-ampere dis- 
charge current without margin appears to give protective 
values that reflect the quality of the service obtained from 
actual operating experience. With this additional data as a 
background, 5000 amperes appears to be a reasonable com- 
promise for shielded-substation arrester discharge currents. 

When viewed with the operating experience of substations 
protected with line-type arresters and with the assumptions 
necessary to reflect the performance of arresters on distri 
bution circuits, it appears that the choice from the different 
possibilities enumerated in Table I centers around the use of 
a 5000-ampere discharge and the use of the maximum toler 


ance for the protection of substations 


BIL’s for Extra-High Voltages 

Standardizing bodies in the United States have under con 
sideration at the moment the standardization of BIL’s for 
systems above 287.5 kv. It is basic to this work that the maxi 
mum system voltages in the tolerable zone, be 5 percent higher 
than the nominal system voltages. In Fig. 2 are plotted BIL’s 
for different nominal system voltages, the four highest ones 


being new ones now being given consideration for standard 
zation. The upper curve is for systems utilizing 100-percent 
arresters. Below this curve are shown the BIL’s, one class 
lower, which are used on grounded-neutral systems that can 


utilize 80-percent arresters. The five highest BIL’s are plotted 


against the corresponding nominal system voltages which 


ith 
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are 287.5, 330, 380, 440, and 500 kv. To illustrate the degree 

of coordination of the higher BIL’s with their corresponding 

system voltages, the table in the figure is arranged for 

different assumptions. If coordination is based on a 5000- 

ampere, 10X20 microsecond current discharge through the 

arrester and maximum tolerance in the arrester characteristic, 

then the resultant margin with a 75-percent arrester plus 

10-percent tolerance is 19 percent plus 30 kv. If, on the 

other hand, a 10 000-ampere discharge is assumed, the margin 

would be reduced to 10 percent plus 30 kv. If the system 

grounding conditions are such that a 75-percent arrester 

cannot be used but an 80-percent 

arrester can be, then the margin 

with an arrester of standard char- 

acteristics becomes rather low; 

for whether a 5000-ampere or a 

10 000-ampere discharge is as- 

sumed, the margin is either 11.5 

percent plus 30 kv or 3 percent 

plus 30 kv, respectively. Special 

arresters are available for which 

iE» i the 10-percent manufacturing tol- 

erance is eliminated. If such spe 

cial arresters are used, then the margins become 22.5 percent 

plus 30 kv and 13 percent plus 30 kv for the 5000-ampere 

and 10 000-ampere discharge, respectively. Regardless of the 

tolerance in the arrester or the assumed discharge current, 

substantially the same coordination with system voltage is 

obtained with the four upper points with a 75-percent arrester 

as is obtained with 115-kv and 138-kv systems with 80 
percent arresters. 

Discussion of insulation coordination would not be com 
plete without mention of the effect of normal voltage, and 
such abnormal voltages either of system frequency or slow 
transient nature as are associated with switching surges. For 
a particular type of insulation a rather definite ratio exists 
between the full-wave impulse test value and the 60-cycle 
test value. The BIL’s assigned to systems of 287.5 kv and 
higher are now so low that most insulation engineers are 


fearful that any further lowering of the impulse characteristics 
might endanger the life of the equipment under normal op- 
erating conditions. While arresters are now available that 
protect equipment having lower values of BIL’s than those 
indicated, advantage cannot be taken of their availability 
because of the hazards introduced under normal conditions 
and switching surges. Some engineers feel that further re- 
duction would be admissible. Again, this involves a great 
element of judgment. The risk involved in going to lower 
values of insulation is great, as equipment in these higher 
voltages is usually associated with transmission lines carrying 
large blocks of power. A failure of the equipment would not 
only be costly in repairs, but might hazard disuse of other 
important equipment. These BIL’s in themselves already 
represent a reduction as compared to practice in the lower 
transmission voltages. Before further reductions are made, 
it would be well to await the results of operation of equipment 
with the present values. The deleterious result of a further 
reduction might not be apparent for many years, and it is 
therefore desirable to go slowly. 

It is hoped that the point has been made that the arrester 
operating conditions and the margins should not be viewed 
too strictly. All of the most severe operating conditions cannot 
be expected to occur simultaneously. The range of operating 
conditions are so wide that one can only choose a reasonable 
set of conditions to impose upon the arrester and then choose 
a corresponding margin so that the combination satisfies the 
current applications which have been found by experience to 
be satisfactory. Emphasis should not be placed upon one par- 
ticular extreme operating condition. This is not to say that 
particular phases of arrester applications should not be 
analyzed separately, as this constitutes the most fruitful 
means of adding to our understanding of the problem. My 
preference in the application of arresters to substation pro- 
tection is to use a 5000-ampere, 10X20 microsecond discharge 
current and include the full 10-percent tolerance permitted 
the manufacturer. Over and above the crest value of voltage 
so fixed, a margin of 15 percent plus 30 kv should be used. 
Phis provides acceptable coordination except inextreme cases. 


Shenk Pump for : = Use 


picked up from the indoor air and released outdoors In addition 


Our most abundant resource—air—will soon find itself with 
another big job on its hands—providing home heat as well as 
cooling. That this possibility is now close to reality is suggested 
by the increasing interest in the heat pump. 

While neither the heat-pump principle nor its commercial 
application are brand new, a home unit has been slower in 
arriving, partially because of the problem of size, and the high 
initial and operating cost. Extensive development and_ field 
testing have now reduced these problems 

A new Westinghouse heat pump for home uss 
example of what can be done by this device. It is an air-to-air 


is a typical 


unit, which means no water connections are necessary; its opera 
tion is entirely automatic, even including the switching fron 
summer to winter operation; and it occupies only about te1 
square feet of floor space 
Essentially, the heat pump consists of a closed circuit 

which is a refrigerant, such as Freon. This liquid Freon absorbs 
heat from the air, becomes a vapor, is pumped through a com 
pressor where it absorbs more heat; the refrigerant gives up its 
heat as its pressure is allowed to decrease and it reverts toa liqu a 
again. If heating is desired, the refrigerant absorbs heat from 
and delivers it 


an external source—in this case the outside air 


indoors. For cooling, the cycle is the exact opposite, heat be 


202 


to heat picked up from the outside air, the heat of compression 
also utilized in this new unit. 

\n important new engineering feature is a simplified transfer 
valve for refrigerant flow control; this device is connected to 
t wall thermostat, and automatically switches the unit from 
heating to cooling or vice versa. 

The new heat pump is made in three- and five-horsepower 
zes. The smaller unit occupies only 10 square feet of floor 
pace, the larger one 14.5 square feet. 

rhe coefficient of performance, i.e., the efficiency, is three, 
which in effect means that the system produces three times as 
much heat as is available in the electrical energy required to 

operate it. This efficiency value is the same for both units, and 
is for an outside temperature of 50 degrees F, inside tempera- 
ture of 70 degrees. In sections where extreme cold is encountered, 
accessory strip heaters are provided, in 2-kw increments. 

Field trials conducted in various parts of the country indicate 
that the comparative cost of operation of the new unit, as re- 
lated to fuel-burning equipment, is a matter of the local cost 
of electricity. In general, where the electric rate is less than 
two cents per kilowatthour, the heat pump is fully competitive 
with other methods of heating. 
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Electric-arc furnaces are 
hard to beat in quality and 
consistency of product. 
Certainly part of the credit 
for this reputation goes 
to the electrical equipment 
that supplies and controls 
their operation. This con- 
tinues to be improved. 
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Fig. 2—Installation view of a 230-CAF air-insulated, air-blast 
circuit breaker. This breaker is suitable for use in 13.8-kv 
and 22-kv furnace circuits and is rated at 1200 amperes. Surge 
suppressors for minimizing overvoltages caused by switching are 
shown mounted on the terminals. The breaker is of rugged con- 
struction and was specially developed for arc-furnace switching. 


Fig. 1—A large 150-ton, 22-foot shell-diameter electric-arc furnace. This fur- 
nace is supplied by a 25 000-kva, 13.8-kv 3-phase furnace transformer. 






wn the basic principle of the electric-arc furnace has remained virtually ut 


changed in over a half century, much progress has been made in the design and 
application of electrical equipment, especially in the last decade. Notable among 
these improvements are those involving higher secondary voltages, circuit inter 


ruption, regulating equipment, and means for minimizing voltage fluctuations 


Higher Secondary Voltages—The use of secondary voltages as high as 445 volts 
was unknown but five years ago, the usual voltage being approximately 300. How 
ever, the three electric-arc furnaces in the Sterling, Illinois plant of the Northwestern 
Steel and Wire Company are supplied by a 25 000-kva, 13.8-kv primary, 3-phase 
forced-oil-cooled furnace transformer; taps on these transformers assure that the 
highest secondary voltage obtainable is 445 volts at full capacity. This use of high 


secondary voltages is one important step that has been taken to obtain high power 
input to electric furnaces and the short melting times required to increase production 
The furnace transformers employed in this installation are of the shell form, 
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against primary circuit faults, should such occur. Such a 
furnace circuit breaker is shown in Fig. 2. This breaker is air 
insulated and air operated and employs an air blast for inter- 
ruption of the arcs drawn. The breaker is characterized by 
rugged mechanical construction and has been designed to 
facilitate inspection and maintenance. 

Surge suppressors are used with the breaker to reduce 
the surges normally inherent in arc-furnace switching. A re- 
cent improvement in the design of the compressed-air furnace 
breakers makes them capable of interrupting primary circuit 
faults of 500 000 kva at service voltages of 15 and 34.5 kv. 

Furnace Regulators—A\\ of the large electric furnaces at 
the Northwestern Steel and Wire Company’s plant are regu- 
lated by means of Rototrol arc-furnace regulators. This equip- 
ment maintains constant power input to the furnace for each 
of the various taps used during the melting cycle. The input 
to the regulator consists of a signal of arc current and arc 
voltage, which are then compared by means of the Rototrol 
fields. The output of the regulator is supplied to an electrode 
motor that positions the electrode winch mechanism to main- 
tain the desired power-input conditions to the furnace for 
each tap voltage employed. The rotating-type furnace regu- 
lating equipment is used extensively in industry and has 
fully demonstrated its capacity for excellent regulation. 

Reduction of Voltage Fluctuation—Of particular impor- 
tance today is the increasing use of synchronous condensers 


Fig. 3—A 60 000/70 000 kva hydrogen-cooled synchronous con- 
denser used for minimizing power-system voltage fluctuations on ar« 


furnace supply buses. Use of such equipment reduces light flicke 


in conjunction with power systems supplying large electric- 
because such construction has proved to be effective in car arc-furnace loads. Because of the violent operation that 
rying the large secondary currents. Shell-form construction characterizes the melting of steel in these furnaces, many 
provides a well-braced transformer that can be easily and cases demand the use of equipment to minimize fluctuations 
adequately cooled. Presently, these transformers are the in voltage that can occur in the power supply system. The 
largest used in the United States for steel-melting electric synchronous condenser has been successfully used for keeping 
arc furnaces these fluctuations within desirable limits. A 60 000/70 000- 
Circuit Interruption—One important consideration in the kva synchronous condenser for this purpose is shown in Fig. 
supply of power to large electric-arc furnaces is the type 3. This is a hydrogen-cooled unit rated to supply the reactive 
and design of the operating breaker in the primary circuit kva required when the furnace surges, and in so doing lessen 
to the furnace transformer. This breaker must be rugged and the reactive kva that must be supplied by the power system. 
suitable for highly repetitive operation at normal and light rhe net result is that other loads located near the furnace 
loads as may be required for operation of the furnace. It installations are not adversely affected by voltage fluctuations 
ilso must be capable of interrupting fault currents due to caused by the furnace. 
cave-ins inside the furnace As the use and size of electric-arc furnaces increase in 
For circuit interruption at Northwestern, specially de the steelmaking industry, electrical-equipment designs now 
veloped compressed-air furnace breakers (230-CAF) were available will find continued use and undoubtedly new forms 
used. Back-up breakers are used in the circuit to protect of equipment will be developed and applied. 


The Ke-edll Piequam— 
More Motor in Same Space 


1 pplr ition Engineering, EStingnouse ectric Corporation, Buffalo, New York 


| 
rating Program involving 1- to 30-hp a-c motors: (1) how rhe a-c motor dimensional standards now used were estab- 


io Rk questions arise in any discussion of the present Re gested standards and when will the new motors be available? 


it 


is it possible to double horsepower output of a motor, yet lished in 1938, and thus have been in effect over a quarter 
keep physical dimensions essentially the same? (2) what are of the alternating-current age. The fact that the life of the 
the advantages to the machinery manufacturer who incor present standards has spanned a period during which the 
porates the motor into his product? (3) how does it benefit the electrical capacity of this country has doubled, has lasted 
user of motor-driven machinery? (4) just what are these sug through two war periods of accelerated technological develop- 
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Lees TABLE I—PROPOSED RATINGS AND DIMENSIONS eens XB 
FOR A-C MOTORS ks (Minimum) 
See # 
U 
Section AA 
le neal 
ment and a post-war period of tremendous business activity 
is a miracle in itself. J U 
‘ ‘ } } re “eo Tr] f » ‘ 5 T he 
What has this high-pressure period of the past 15 years D henten 
brought forth in the way of new or improved materials for the 
design and building of motors? Basically, the design engi 
neer has four broad categories of components to work with to 
improve his motor designs. They are conductor, insulation, withstand its enemies—such as oils and chemicals—many 


magnetic steel, and mechanical parts. 

The most important, the conductor, is still the same copper 
that was available in 1938, and no one has found a more 
economical substitute or devised a method to increase the 
current-carrying capacity. However, the insulation, the mag 
netic steel, and the mechanical parts play a large part in the 
utilization of the basic conductor. The changes made in these 
other materials tell the story. 

In 1938, varnish-covered wire of the Formvar or Formex 
type had just been developed. It was new and untried but 
potentially a revolutionary tool for the motor-design engineer 
There was some reluctance to accept motors built with this 
wire. There were even motors shipped back to the manufa 
turer because the wire was “‘bare.’’ Several demonstrations 
had to be put on to prove the effectiveness of the new wire 
Even then, some users still asked that end turns be taped 
for extra protection, which actually shortened the life of 
the motors by making them harder to cool. 

Varnished wire has been improved considerably in the 
past 15 years. Paralleling the wire-coating techniques, slot 
cell and phase insulation have made comparable improve- 
ments. An excellent example of this is the hermetic refrigera 
tion motor. In 1938 the hermetic motors had double cotton 
covered wire, and the design engineer used every mechanical 
type of insulation available to assure reasonable life. Today 
5- and 7! 9-hp hermetic motors are being built by the thou 
sands with enameled wire in the dimensions formerly used 
by fractional-horsepower units, yet they run in Freon 22 
an excellent solvent. In addition, some manufacturers weld 
the entire housing closed and guarantee them for five years of 
trouble-free service. 

By taking advantage of the much smaller space required 
for 1953 insulating materials, the useful copper that can be 
put in a given area has been greatly increased. This not 


only saves space, but the motor gets insulation that will 
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times better than its older counterpart 

Electric-steel developm«e nt has followed almost a parallel 
course. The sheet metal of 1938 has been improved many 
times. Due to the growth of the electrical industry, lamina 
tion steel has grown from a specialty-mill product to a major 
product of most steel companies The amount of copper and 
steel required to get given Iie ld strengths for spe ihed ratings 
of motor has been improved continuously. Treatments of 
the lamination to give more perfect interlaminar resistance 
has also added to the effective use of a given amount of steel. 

Die casting of the aluminum squirrel-cage of the rotor 
was In its infancy in 1938. The pressures used today, along 
with methods of insulating the bars, give rotors of far su 
perior quality. 

The advance in the art of metal fabrication is probably 
as big a factor in the new standards as all of the other im- 
provements combine | During tne war, great advances were 
made in the fabrication of steel, with the result that much 
greater strength can be obtained from an equivalent mass of 
metal. Clever engineering in applying these advances in 
metal fabrication has changed the motor housing from a 
necessary evil to a precisely designed housing that protects 
the electrical parts and gives needed mechanical strength 

In the casting arts, shell molding has come along to 
give perfection in form and appearance. Nodular iron, with 
its desirable casting and working characteristics, is now a 
common commodity. Thus new and better materials are mak 


ing possible an increase in capacity for a given frame size 


Reduction in the p#ysical size of motors has always been 
| 

desirable. But one important thing to remember about this 

suggested standard is that the minimum performance stand 


ards now established are to be maintained. Temperature 
rise, pull-out torques, starting torques, and speeds that 
now detine a speciic rating are not to be changed Drip 


proof motors will still be 40 degrees C rise; fan-cooled mo 
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tors will still be 55 degrees C rise, and the 5-hp motor ol 
the new design will do everything the 5-hp motor of the 
old design would do 

In effect the present re-rating program is making the 
motor bigger on the inside, and smaller on the outside. It 
will be every bit as big in performance on the inside, and 
will be physically smaller on the outside. 

From 1938 to 1953, there has been a big change in the 
pattern of motor purchases. For example, when the present 
standards were established in 1938, the single-phase motor 
for refrigeration service was a high activity item in 1- to 
3-hp ratings. Today, practically all refrigeration metors 
are the hermetic type, and due to the extension of three 
phase power lines, the activity on single-phase motors is 
hee oming less and less, exc ept on rural lines. Also, machinery 
manulacturers are now applying a greater percentage ol 
standard motors and realizing the subsequent economies. 

The re-rating program will have the following benefits 
to the user: (1 the increase in horsepower per given size 
will bring motors in line with the changes in their applica 
tion, especially in applications such as machine tools; (2 
the motor will be a better product, because the standard lin 
will incorporate all of the improvements made in the past 
15 years; (3) economically, this re-rating should reduce the 
tendency of electric motors to follow the basic inflationary 
curve, because superfluous metal that produces no horse 
power will be eliminated 

An electric motor by itself is of no value. It must be 
incorporated into another product and provide driving power 
to some piece of mat hinery before it produces anything As 


motors cut across our entire economic structure, they art 


basic components. They fall in the same class as bearings, 
bolts, nuts, and screws which, by themselves, are of no use. 
Sut without these, our entire economy would come to a stand- 
still.. Therefore, the standardization of motors and the eco- 
nomic gain from such standardization are as important to a 
user of motor-driven machinery as the standardization of 
nuts, bolts, and screws. 

If through technological advancements a standard becomes 
obsolete, it is either time to change or abandon it. That 
is the point now reached. The art of design and manufacture 
has advanced to a point where the present standard is obso- 
lete. Those who argue that the present standards should be 
maintained are in effect arguing that standards should be 
abandoned. Economics would soon force all motor manu- 
facturers to design and build larger horsepower rating in 
present dimensions. If new, realistic standards are not set, 
a hodge podge ol ratings would be the result. 

The fourth question was, ““What are these new standards 
and when will they be available?’ The critical dimensions 
appear in Table I. All details are not yet available, so these 
are limiting dimensions. On the left side of the drawing, 
the horsepower assignments are shown for each set of dimen 
sions. Actually the adopted standards to date are only on 
1800 rpm double-pole motors and a few dimensions. The 
rest of the information is close enough to adoption to be 
used for preliminary work. Fine details should wait for final] 
adoption of all standards 

lo cause minimum inconvenience, a suggested time table 

is been set up that will make the first diameter, 182 and 
184, available by the first of January, 1954, and one diameter 
like the 214-215 available every five months thereafter 


High-Frequency Brazing 
of Small Rotors 


Zz” 


7 


At left, a small motor in po- 
sition for brazing. In the 
background is the air-oper- 
ated rig used for large ro- 
tors. Above, the rotor rings, 
brazing alloy, and the rotor. 


HE ENGINEERING ideas conceived for one specific application 
(prt “fan out’ and prove useful in similar developments. 
Such has been the case with a new method for induction brazing 
end rings to large squirrel-cage motors. Two years ago the use 
of a 9600-cycle induction-heating technique for brazing rotors 
of 600- and 700-hp motors—with rotor diameters of approximately 
18 inches—was announced.* Later this same technique was 
applied to 2000-hp, 1800-rpm motors, where the rotor diameter 
is over 21% feet. Now it is being extended in the opposite direc 
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rotor diameter is less than six inches (see photograph). 

The rotor rings for the 3-hp motors present a more difficult 
brazing problem, in that they have integrally cast fan blades. 
This was solved by mounting the rotor ring on nonmagnetic pin 
supports with the inductor coil interwoven around the supports 
and vanes in such a way that the induced high-frequency mag 
netic field provided a uniform heating effect. Preformed rings of 
silver brazing alloy weighing less than 1% ounces were used, 
with the flux preplaced as is the case with the larger units. For 
the larger rotors an air-operated rig is necessary to provide the 
force for holding the bars and rotor ring in compression during 
brazing.* However, in the case of the smaller rotors, a piece of 
heavy shafting slotted at one end to fit the rotor vanes is sus 
pended from a crane and suffices to give the follow-up force re 
quired during the brazing operation. The brazing time required 
for both small and large motor end rings is essentially the same, 
i.e., 3 or 4 minutes. 

Again, on these small high-efficiency rotors the induction 
brazing method of attaching the end ring to the rotor bars has 
given much more satisfactory levels of quality and cost than 
were attainable by other procedures, such as torch brazing. In 
less than three years a total of more than 1500 induction-brazed 
rotors have been supplied for 600, 700, 900, and 2000 hp motors; 
rotor performance has been flawless. 


*Induction Brazing of Large Rotors,’’ by P. H. Brace and E. B. Fitzgerald, Westin 


house ENGINEER, November, 1951, p. 184 
Ihis article was written by P. H. Brace of the Westinghouse Research Laboratorie 
and E. B. Fitzgerald of the Transportation and Generator Divisior 


Traffic Lights for a Steel Mill 


\ LECTRIC-FURNACE operators at the Newport Steel Company 
E now have an unusual “‘traffic-light” system to help them 
make maximum use of available power. When no signal lamp is 
lighted the furnace operator can use as much power as is needed 
Green signals the approach of a plant demand peak; yellow 
warns the operator to make no further increases in power con 
sumption; and red requires that a reduction in power consump 
tion be made. 

Because the company is a large power consumer, the problem 
of controlling plant demand during peak periods is an important 
one and warrants close consideration. A previous metering sys 
tem measured the 15-minute demand for the entire plant and 
operated control relays in the furnace department to raise fut 
nace electrodes whenever the allowable peak demand was 
reached. While this system was effective in limiting peak demand, 
furnace operators had no indication of how much below the 
peak they were operating. Thus, for example, if the hot mill were 
shut down for a roll change, the furnace department could not 
take advantage of the extra power available 

lo simplify a solution to this problem it was assumed that, 
while the currents in each phase were seldom balanced, the 
effect of the furnace regulators over a long period of time would 
be to balance the line currents. Voltage changes on the supply 
line were also assumed to be small, since the plant received power 
directly from the generating station. Thus the current in one 
phase averaged over a short period was taken as a satisfactory 
index of the overall plant demand. 

rhree induction-disc current relays (type CO) were installed, 
calibrated for 86, 91, and 96 percent of the allowable peak de 
mand. These relays control green, yellow, and red lamps respec 
tively in the furnace department. This signal system has proved 
effective in assisting the operators to make maximum use of 
available power and at the same time maintain the desired power 
demand limit. 


The above material is a condensation of an article by R. L. Klar, Engineering and 
Service Dept., Westinghouse Electric Corporation. Cincinnati, Ohio 
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tion, i.e., to small auxiliary units (3 hp, 1800 rpm), where the 








The new laminated burnishing wheel being used to finish the 
edges of a helmet liner. Grinding is done in the grooves of the wheel. 


Burnishing Wheel for Finishing Plastic Edges 


Siow EDGES of many plastic products require a final finishing 
to render a smooth, nonporous edge. This is particularly true 


of cotton-fabric-filled phenolic-resin parts, where the excess flash 
must be removed and the edge polished. A new laminated bur 
nishing wheel, constructed of glass-fiber cloth impregnated with 
resin, is proving highly successful in finishing such edges. It has 
proven especially valuable where irregular contours are involved 

The previous method was a two-stage process. Flash was re 
moved on abrasive-covered belts, and the final finishing was done 
with a cotton wheel, on which alternate coats of cement and 
abrasive were applied. This wheel required constant attention and 
Irequent redressing of the abr e coating 

Ihe new burnishing wheel | parallel grooves—cut with a 
carbide-tipped tool—in which the grinding is done. The abrasive 
action 1s accomplished by a coml ition of the glass material 
and high speed, removing the flash and polishing in one operation 

One proven application of the ne vheel is in finishing the 
edges of Army helmet liner hese irregular contours were 
easily contacted with a minimum of effort. Over half a million of 
these liners were finished with little or no attention to the 


yurnishing wheel 





This new 700-watt mercury lamp 
was developed to fill the need for a 
size between the 400- and 1000- 
watt lamps. It is especially well 
suited to medium mounting 
heights; minimum recommended 
height is 24 feet. The bulb has the 
now-familiar isothermal shape, 
which provides approximately 
even temperatures over the entire 
bulb wall. The lamp has an aver- 
age rated life of 4000 hours, and 
operates from a 460-volt circuit 
with a simple choke, or from other 
voltages with suitable ballast. The 
new lamp is suitable for street 
lighting, flood lighting, or general 
uses. Initial output is 35 000 lumens. 
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Rectifier Welder Gets Design Improvements 


VIGNIFICANT design improvements have been achieved 
S new d-c rectifier welder. The new welder uses plate-ty 
selenium rectifiers to convert a-c power to d-c—as did 
predecessor—but by careful design the new version has beer 
made even smaller, lighter, eas iaintain, and more cor 
venient to operate 

Much of the weight and size reduction was accomplished b 
combining a three pha e transformer and a movable-core reactor 
into one unit—called a Transactor—and utilizing aluminum 

The Transactor accomph he both voltage step down and 
current control. It consists of two 3-phase laminated cores; on 

a fixed core, on which are the primary and secondary 


the other is divided into two part a stationary core, an 


movable c gs of the movable core are linked by the 
| 


comm« ondary and reactor winding. Current is controlled b 
moving n n or out of the Tra ictor unit cores When the 
movable core at maximum distance from the stationary core 


the welder output current is at maximum. Through proper d 


B ulated aluminum conductors produce opera 
example of the weigh 
400 pounds instead 
located at the top of the new welder, tl 
The upward flow of air follows natural 
in maximum cooling with minimum-sized 
The rectifier unit is located at the bottom 
ntilated by the coolest air. Coils of t 
ventilating ducts to permit 


verloading, and thus overheating, is always a possibility on 
arc weldet lo protect the new unit against overload, a tem 
perature-se Phermoguard unit vound into one of the 
the Transactor unit. If the coils overheat, the Thermo 
nun I nechanism on a De-ion « 

Ider. When the temperatu 
breaker can be reset 

\ upplies instantaneou 

tarts to sho rcuit—simplities the 

deep-gr \ velding 

The ne velder is built in three standard un of 200-, 300-, 
and 400 impere rating 
sunted in a single case are also available. 


particularly well adapted to parallel 


Duplex units, consisting of two single 
rectifier welder 


Any number of units and any combination of 


t 


can be combined to make any desired size welder merely by 
paralleling the secondary output leads. The current output of 
any machine in a paralleled group will be that for which the 
machine is set 


Many items 


mechanical parts 


rating, thu 


such as structural parts, fan and motor, and 
are interchangeable between units of different 


simplifying maintenance. 


Streak Photography for Bearings 


‘€e 1s used in bearings both as a lubricant anda cooling 
medium. As a lubricant, it reduces the friction between 
rubbing p } 


irts by forming a film between them; as a coolant it 


from the points at which it is generated. Both 
mportant in many bearing designs. 
‘ the use of oil as a bearing coolant, a clear picture 
follows through a bearing is an invaluable aid 
gns. This can be accomplished by adapting 
ak photography” to bearing studies. 

olids are introduced into a fluid flow, they 
v the stream; a series of short time exposures 
containing streaks indicating the path of these 
the fluid. In bearing studies, however, solid 
naterials large enough to be seen easily are 
nay clog small passages, and perhaps damage 

or change the flow pattern, 
\ new method elimi- 
nates this difficulty by 
substituting finely di 
vided fluid in  suspen- 
sion for the solid par- 
ticles; the droplets mere- 
ly flatten at constricted 
locations and pass on 


with the main flow 


Far left, test setup for 
making streak photo- 
graphs. In the photo at 
left, lubricant flow is up- 
ward. The streamlined 
shape at bottom is the 
line between incoming 
oil and that which has 


circled the test bearing 


\ small laboratory 
model of a bearing is 
used; to obtain operat- 
ing conditions compar- 
able with a large bear- 
ing, kerosene is used in- 
stead of oil. The kero- 
sene is dyed a dark red, 
and a clear solution of 
glycerin in water is the 
streak-producing me- 

Che mixture is passed through fine screens 

n the lubricant supply line, where the glycerin- 
water solution is broken up into fine droplets. 

Che fluid flow is then photographed through a 

plastic bearing shell. Only 60 degrees of the bear- 

are is recorded in a single photograph; the 

aring shell is rotated 60 degrees between 

photographs so that the tull 360 degree flow pat- 

is recorded. Adjacent photographs are then 

ng a complete picture of lubricant 
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A year after he joined Westinghouse in 
the Switchboard Engineering Depart 
ment, S. S. Browne was loaned to the 
Navy Department to help in the huge 
shipbuilding program. This was in 1941. 
He spent the next five years with the 


Bureau of Ships, engineering switch 
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boards for every class of ship from PT 
boat to battleships. 

Despite his brief stint with Westing 
house before “‘ joining the Navy,” Browne 
was well versed in switchboard design; 
even before his graduation from Virginia 
Polytechnic Institute in 1932 he had de- 
signed his first switchboard. And just 
prior to his arrival at Westinghouse he 
spent six years with the Bureau of Recla 
mation, helping to engineer the switch 
boards at Boulder Power Plant. 

After his hitch with the Navy, Browne 
returned to Westinghouse; in 1947 he was 
made engineering supervisor in the Manu 
facturing and Repair Department at St. 
Louis, the job he now holds. 

Browne’s coauthor of the article on 
Lock 27, Burke Frick, is a graduate of 
Oklahoma University, class of 1947. 
Frick’s first assignment at Westinghouse 
was in the Insulation Design Section, 
where he was concerned with developing 
insulation for large generators and motors. 
This was followed by a two-year assign 
ment in the turbine-generator design sec 
tion. With this experience in hand Frick 
was made consulting and application 
engineer in the St. Louis Office in 1951. 


When H. L. Cole was a small boy in 
Plymouth, Mass., he earned pin money 
showing tourists famed Plymouth Rock 
and other sights reminiscent of Pilgrim 
days. Now Cole is becoming a tourist him- 
self. He has just wrapped up nearly 40 
years of accomplishment with Westing- 
house—retiring a bit early at his request 

and embarked on several projects, one 
of them being to see the world. 

Cole graduated from Worcester Tech in 
1914 and came directly to Westinghouse, 
beginning in the Research Department. 
For about a year under Dr. C. E. Skinner, 
he measured dielectric losses in insulating 
materials. He likes to point out that 
power-factor testing is not new, that in 
1916 he made a large Kelvin electrometer, 


ersonality P rofiles 


immersed it in oil in a wooden washtub, 
and measured the power factor of 110-kv 
condenser bushings at their normal op 
erating voltage 

Came the war and Cole went into the 
Navy. When he returned in 1919 he de 
cided that transformer design work would 
be to his liking. Must have been a good 
choice because he never left it for 35 years. 
When he entered the field the tops in rat 
ing for self-cooled transformers was 5000 
kva. Cole recalls, with understandable 
pride, that he designed the first “five 
figure’’—i.e., 10000 kva—self-cooled 
transformer ever built. That was in 1920. 
He is now closing his career with work on 
elements for a 300 000-kva unit. 

Cole has had much to do with every 
aspect of power transformers—core and 
coils, insulation, terminal bushings, valves, 
pumps, radiators, and so on. From 1930 
to 1952, when he became Advisory Engi 
neer, he was head of the Power Trans- 
former Development Section. 

But now, he is anxious to get on to 
other things 
way, in projects he has had scant time 


to engage, in a more serious 


to do justice: still and motion photog 
raphy, music and tape recording, metal 
and wood working. And, oh yes, he wants 
to see the world. 


William D. Albright didn’t find it nec 
essary to travel far to seek his fortune. A 
native of Pittsburgh, he got his electrical 
engineering education at the University 
of Pittsburgh, graduating in 1935. He 
first gave the steel business a try, working 
as a production clerk for Weirton Steel 
Company for nine months. Early in 1936 
he went to work for Westinghouse in the 
High-Voltage Impulse Test Laboratory at 
the Sharon plant. 

In 1940 he had a brief turn in power 
transformer design, followed by a period 
with distribution transformers. With the 
war at its height he was pressed into serv 
ice in the Ordnance Section, working on 
the then new electric torpedo. This busi 
ness finished, he returned to the Power 
Transformer Section. There one of his out- 
standing assignments was to design an 
83 333-kva unit for installation in a resi 
dential area that called for an uncom- 
monly low noise level. He is now engaged 
in transformer development work. 








Core 
to many of our readers. He is already well 
known for his 
power-transmission theory and practice, 


1ener needs little introduction 


many contributions to 


and as the coauthor of ‘Symmetrical 
Components,” 
1 polyphase circuits. 


the widely used book on 
unbalance 
Wagner is a graduate of Carnegie Tech, 





in 1917, and has been with Westinghouse 
for all but the first of the ensuing years 
His time has been well spent in the study 
of all phases of transmission-system pet 
formance. This varied and solid back 
ground in all phases of electric-utility 
problems fits him admirably for his pres 
ent position as consulting engineer as 


signed to that industry 
- a ° 


In the Wisconsin town where S. J 
Campbell grew up, papermaking and lum 
bering were the two main industries. Pres 
ently, his specialty is application of elec 
trical equipment to paper mills and lum 
bering operations. One might draw the 
conclusion that his present work was the 
result of boyhood interest or ambition 
but nothing could be further from the 
truth. Campbell admits that, “In all 
those years I never even saw the inside 
of a paper mill.” 

A bit of advice offered by a high-school 
physics teacher helped steer him toward 
his profession. Noting Campbell’s facility 
with circuitry, he insisted that he should 
take nothing but electrical engineering. 
During the war he served as a radar tech 
nician in the Marine Air Corps; this ex 
perience, plus an aptitude test given by 
the Veterans Administration finally de 
cided the matter 

Shortly after his discharge Campbell en 
rolled at Superior State College; the next 
year he transferred to the University of 
Wisconsin, 
trical engineering degree in 1950 

Campbell came to Westinghouse via 
the Graduate Student Course; during the 
course he spent one of his assignments 
with the General Mill Section of Industry 


became a 


from which he earned his elec 


Engineering, and eventually 
permanent member of the group. Other 
than paper- and lumber-mill applications, 
another interest has been the Synchrotie, 
about which he writes in this issue. 














Patternmaking requires highly skilled craftsmen, and 
a large measure of patience. This large pattern is 
for part of a turbine cover. When finished, literally 


thousands of hours will have been expended in its 
creation, as well as a proportionately large number 
of board feet of lumber, all precisely cut and fitted. 
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